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NOTICE

The results of the OAST Space Technology Workshop which was
held at Madison College, Harrisonburg, Virginia, August 3 -
15, 1975 are contained in the following reports:

EXECUTIVE SUMMARY

VOL1 DATA PROCESSING AND TRANSFER
VOL Il SENSING AND DATA ACQUISITION
VOL HI NAVIGATION, GUIDANCE, AND CONTROL
VOL IV POWER

VOLV PROPULSION

VOL VI STRUCTURE AND DYNAMICS

VOL VII MATERIALS

VOL Vil THERMAL CONTROL

VOL IX ENTRY

VOL X BASIC RESEARCH

VGL XI  LIFE SUPPORT

Copies of these reports may be obtained by contacting:
NASA - LANGLEY RESEARCH CENTER
ATTN: 418/CHARLES |. TYNAN, JR.
HAMPTON, VA. 23665

COMMERCIAL TELEPHONE: 804/827-3666

FEDERAL TELECOMMUNICATIONS SYSTEM: 928-3666
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II1A (1)

Title: Laser Heating of Propellants

Gbjective: Evaluate the concepts ard establish the potential feasi-
bility of propulsion by direct heating of propellant via a
laser beam transmitted fram a remote source.

Description: The system would contain a laser source and associated
steering system and an an-board thrust system which would
receive the laser beam and efficiently convert the beam
enerqgy to sensible propellant enthalpy. Propellant is
then expanded to high exhaust velocity.

Justification: The unique characteristics of laser light offer tre
potential of efficient transmission of large quantities
of energy through space. Absorbtion of this enerqgy
and subsequent conversion into useful propellant work
presents an advanced option for mission capability
by having a remote energy source and independent con-—
trol of specific impulse and choice of propellant.
Laser powered systems offer the possibility of specific
impuise well in excess of 1000 seconds.
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Title: Laser

IIIA (2)

and Microwave Electric Propulsion

Gbjective: To camplete the experimental characterization and conceptual
design laser and microwave power transmission and conversion
in space for primary electric propulsion.

Descrig_:.ion:

Justification:

Visible wavelength laser energy and/or microwave beamed
energy fram an orbiting spacecraft or other remote site

is transmitted to other vehicles (orbiting satellites or
surface rovers) and is then converted to electrical energy
to be utilized for propulsion. Conceptual definition is
required for proper evaluation of the technology.

The proposed technology represents an opportunity,
among other applications, to utilize "mother-daughter"
vehicle operations at the outer planets, where solar
power is not available, In order to adequately campare
this technology to other systems carried to a higher
level of the state of the art, advancement of the
technology is essential. If the resulting concepts
prove to be pramising, fu:-ther technology advancement
can then be recommended.
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IIIB (1) a

Title: Auxiliary Electric Propulsion System with Mercury Bambardment
Thrusters

Objective: To bring to a state of demonstrated technology readiness
attitude control and stationkeeping systems for geosyncronous
satellites using mercury bombardment thrusters.

Descrigtion :

Justification:

The auxiliary electric propulsion program consists of the
technology demonstration of subsystem elements; integration
of these elements into a system, definition of system
interfaces, and verification of system performance
parameters, lifetime and reliability. The major elements
of an auxiliary propulsion system consist of a thruster,
power processor, thrust vectoring subsystem, propellant
supply and distribution system, and associated structural
and thermal control elements, North-South stationkeeping
is required for most geosyncronous satellites and becomes
particularly important for advanced three axis stabilized
systems in order to improve overall ground and space
system costs.,

The potential advantages of a high specific impulse
electric propulsion stationkeeping system have been
documented by many studies. In particular, large mass
savings and inproved precision of control for geosynchronous
satellites may be cdbtained by use of this technology.
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IIIB (1) b

Title: Solar Electric Primary Propulsion Thrust Subsystem

Objective: To bring to a state of technology readiness a primary
solar electric propulsion thrust subsystem with mercury
bambardment thrusters.

Description: The Primary propulsion subsystem technology program
consists of the technology demonstration of the several
key subsystem 2lements; integration of these elements
into a representative subsystem:; definition of the sub-
system interfaces; and verification of subsystem per-
formance parameters, lifetime, and reliability. The
major subsystem elements include mercury 30-cm electron
bo-barawent thrusters, power processors, thrust vector
mectinisms, thrust sybsystem controller, an electrically
isoloted propellant aupply and distribution system, and
appropriately scaled solar array system.

Justification: Many studies have shown the benefits--both in terms of
performance and expansion of the NASA mission set
capability--of the use of a high specific impulse,
high performance propulsion system. In particular,
significant payload and performance benefits accrue
via use of this technology for high energy, performance
sensitive missions, such as interplanetary transpor-
tation for out-of-the ecliptic and camet rendezvous,
and low-earth to geosynchronous orbit and on-orbit
operations for large space systems, Other character-
istics, such as low thrust and variability of operating
performance parameters, allow for precision in trajectory
and attitude control and increased flexibility in launch
opportunities for selected missions.




IIIB (1) ¢

Title: Electric Propulsion with Low-Molecular Weight Propellants

Objective: To provide the technology for low cost, high specific
impulse, low-molecular weight propellant propulsicn
systems for transportation and on-orbit operations for
very large space systems in near earth envirorment.

DescriE’ s

Justification:

This technology program would first provide the
critical element technology for a low-molecular
weight propellant electric bombardment thruster
propulsion system using the solar electric mercury
thruster system technology as a baseline. Sufficient
thrust subsystem parametric data would be obtained
to allow timely-low risk technology transfer to very
large electric propulsion systems which utilize high
thrust density MPD electric thruster systems with the
same light fuels,

The development of the shuttle earth-to-low orbit
transportation capability will allow the use of

a very large space system to satisfy a large variety
of national requirements and priorities. The trans-
portation and on-orbit operation of the large space
systems require very high energy propulsion systems
and large amounts of propellant. The use of plentiful,
cheap, and inert propellants operated at specific
impulses between about 3000 and 10,0%? sec. will
significantly decrease costs and the overall envi-
ronmental impact over that with chemical systems,
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IIIB (2)

Title: Solar lieated Hydrogen Propulsion

Objective: To develop t.chnology for a propulsion system using solar

energy to heat stored hydrogen for propulsion of a tig-type
vehicle.

Description: Conduct conceptual design studies, system trade-off
studies, and preliminary design of the system. Perform
technology program covering the collector, receiver,
thrusters, and other system camponents and conduct
systems tests tests to bring technology to maturity
by 1985,

Justification: Solar heated Hy propulsion provides a low thrust,
high specific impulse system suitable for trans-
porting payloads fram low earth orbit to geosynchronous
orbit or escape velocity. The system is relatively
simple and would have low development cost campared
to campeting approaches.
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:ritle: Solar Sails

Objective: Acquire the technology for space application of very
large solar sails for interplanetary spacecraft.

Description: Aluminized mylar solar sails with area dimensions
on the oxder of 1000m and a mass of 500-2500 kg
for space vehicle applications is desired.

Justification: Solar sails, because no on-board propellants are
required, can become very efficient for inner
solar system missions. Solar sail mass, system
lifetine, deployment reliability, and attitude
dynamics are key to mission applications.

49
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DETFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)a
I TECHNOLGGY REQUIREMENT (TITL.E): FzNg:HT‘_ PAGE 1 OF 3__

S/C Propulsion Subsystem

2. TECHNOLOGY CATEGORY: Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED: Design, fabricate, assemble, and
test a flightweight, blowdown bipropellant propulsion subsystem utilizing

LF,N,H, for planetary spacecrafts.

I. CURRENT STATE OF ART: _The feasibility of utilizing a fluorinated

oxidizer and an amine fuel has been demonstrated in semi-heavyweight system.
HAS BEEN CARRIFD TO LEVEL _3

—-

a. DESCRIPTION OF TECHNOLOGY
In order to reduce mass, a demonstration utilizing fracture toughriess
techniques of LF2 contained in Titanium is currently underway. Because
of the constraint not to purposefully vent LFZ’ thermal control techniques

need to be demonstrated. Analysis indicates feasibility, but testing has
not been undertaken. The main driver for this technology is the high
specific impulse ( ~ 3700 N-S at ~ 2700N thrust ievel). The thrust

chamber to deliver this spelégfic impulse is currently in design. However,
an effort to reduce the mass of the thrust chamber must yet be undertaken.

P/1. REQUIREMENTS BASED ON: [J PRE-A,[0 A,0 8,03 ¢/D

6 RATIONALE AND ANALYSIS:

a. For high energy missions, specific impulse is a driving parameter. The
use of LFZ/NZHI. represents a class of propellants in the non-H2 category

which is near the ultimate in chemical specific impulse.

b. Applicable to mission types M4, 5

c. The performance can be used in many ways. Increased payload; increase
Av ; shorter trip time; eliminate some upper stages: allow use of

existing non-propulsion hardware.

d. The very least would be a complete ground-test of a flightweight system;
a shuttle experimental flight test would be beneficial if cost-effective.

TO BE CARRIED TO LEVEL 8

—_— T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(1)a

———

PAGE 2 OF 3

1. TECHNOLOGY REQUIREMENT(TITLE):EINZH“ s/c
Propulsion Subsystem

7. TECHNOLOGY OPTIONS:

{
a. Externally regulated system .
b. Pump-fed system

8. TECHNICAL PROBLEMS:

LF2 handling; lightweight, high-performance thrust chamber; materials
compatability; thermal control.

Y., POTENTIAL ALTERNATIVES:

Stay with current propellants

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

If current plans come to fruition and NASA increase the level of support,
a flightweight, blowdcwn propulsion system will be available by 1980.
Without NASA resources, this technology will not advance.

EXPECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

None

P

5
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-1a %
t. TECHNOLOGY REQUIREMENT (TITI,E):F%/NLH“ s/c PAGE 3 01 3
Propulsion Subsystem
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDUILE ITEM TolT6|77]178]179]80(81[82]83]811353]86]87}85]89]90]91 )
TECHNOLOGY
1. Analysis & Design
2, Component Dev.
3. Assembly
4. Test —
5‘
APPLICATION
1. Design (Ph. ()
2. Devl/Fab (Ph, D)
3. Operations *
1.
1. USAGE SCHEDULE:
T
TECHNOLOGY NFEED DATI. TOTAL
NUMBER OF LAUNCHES | |Fifst)Potential
1} REFERENCES:
15. LEVEL OF STATE OF ART 5. COMPONFNT R WREADBOARD 1ESTLD IN RELEVANT
ENVIKONMENT IN Tith LARORATORY,
- PASIC PHESOME NA OUSERVED AND MFPORTED, 8. MODEL TESTED IN AIRCRAFT B NVIRONMENT,
. THEORY FORMULATED TO DESCLIBE PUHENOME NA, 7. MODEL TESII D IN SPACE ENVIROXMENT,
« THEORY TESTED BY PHYSICAL | OPERIMENT 8. NEW CAPAIIITY DI RIVi D FRUM A MUCH LESSER

OR MATHEMATIC N MODET,

FoG, MATRERLNL, COVPONEST, B0,

o PLREINENT FUNCTION OR CHARAL T RISTIC DFMONSTRATED,

OPERATIONAL MODLL.

. RELIARLITY UPGRADING OF AN OPERA [10NAT MODLL,
. LIFETIMF EXTENSION OF AN U1 RATION +*. MODE L,

52
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DEFINITION OF TECHNOLOGY REQUIREMENT

TECHNOLOGY REQUIREMENT (TITLE): Long-Life Hydrazine

PAGE 1 OF _3_

Technology

NO, T-4-(1)b
e — |

TECHNOLOGCY CATEGOKRY: Propulsion

OBJECTIVE/ADVANCEMENT REQUIRED: Increase the life of current

hydrazine thrusters

i,

CURRENT STATE, OF ART: Hydrazine systems are "flying'" today but not to

the new demanding duty cycles.

HAS BEEN CARRIED TO LEVEL 2

3

P e, - o i

6.

DESCRIPTION OF TECHNOLOGY

As nissions become longer in duration and require more massive payloads,

it becomes imperative to increase the understanding of the physical
parameters which now potentially limit the life of hydrazine thruster
catalyst poisoning by impurities in the propellant; large number of pulses;
variation in catalyst loading methods and mechanical/ietainer/preloading
design; catalyst activity; catalyst breakup, all are typical of the
problems that limit the life of a hydrazine thrusters.
to pe extended so that it ensures a long-1life, relizable thruster.

P/1. REQUIREMENTS BASED ON: [J PRE-A, [0 A,00 B,J ¢/D

The technology needs

RATIONALLF AND ANALYSIS:

a. Flyby missions of the outer planets demand long-life and hence drive

this technology.
b. Applicable to missions Ml,4, 5.
c. Provide for higher reliability and long-life.

d. In order to demonstrate long-life, it will be necessary to run a

ground based test effort.

TO Bl CARRIED TO LEVEL9510

53

o ——



“ha

DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A{1)b

1. TECHNOLOGY REQUIREMENT(TITLE): Long-Life Hydrazine

PAGE 2 OF 3
Technology

-}

TECHNOLOGY OPTIONS:

Heat catalyst bed; purify propellunt

¥. TECHNICAL PROBLEMS:

The catalyst bed is the problem,

4. POTENTIAL ALTERNATIVES:

Seek out other systems at risk of increasing mass and decreasing reliability.
Cold gas; small bipropellant systems, momentum wheals.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

There are no planned programs to increase thruster life.
Without NASA resources, the technology will not advance.

EXPECTED UNPERTURBED LEVEL 2_

11. RELATED TECHNOLOGY REQUIREMENTS:

None

54 REPRODUCIBILITY OF THE
QRIGINAL PAGE I8 POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A{1)b

1. TECHNOLOGY REQUIREMENT (TITLE): Long-Life Hydrazine PAGE 3 OF i_
Technology

12. TECIHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 76 |77178]79]180181]82]83]84|35|86]87]85|89]90f91

-3
(]
=1

TECHNOLOGY
1. Analysis/Design

2. Testing

Design Refinement —

3.
4. Testing
5.

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13, USAGE SCHEDULE:

oTALl
TECHNOLOGY NEED DATE. TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY,

1. BASIC PHENOMENA OISERVED .ND REPORTED, 8. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
2. THEORY FORMULATED TO DESCR!BE PHFNOMENA, 7. MODE!L TESTLD iN SPACF ENVIRONMENT,
3. THEORY THSTED BY PHYSICAL FXPRLRIMENT 8. NEW CAPARILITY DLRIVED FRUM A MUCH LESSER
CR MATHFMATICAL MODEL. OPERATIONAL MODLL,
4. PERTINFNT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRANING OF AN OPERATIONAL MODEL,

E.C., MATERIAL, CONMPONENT, ETC,

. LIFETIME EXTENSION OF AN OF'LRATION \1, MODLRL.
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DEFINITION OF TECHNOLOGY REQUIREMENT

1. TECiunOLOGY REQUIREMENT (TITLE): Long-Life Earth PAGE 1 OF _3_
! Storable Bipropellant Technology

2. TECHNOLOGY CATEGORY: Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Increase the life and performance
of earth-storable bipropellant propulsion system

1. CURRENT STATE OF ART: _Earth-storable bipropellant systems are "flying"
today, but mission of the future will, in all probability, push them up against

the "today" technology. HAS BEEN CARRIED TO LEVEL3_

5. DESCRIPTION OF TECHNOLOGY

Systems studies will be initiated to identify items that limit the life

of the propulsion system. Redesign of these items, which in all probability
include the soft-~seat valve and current design materials, will take place.
Engine technology will be undertaken to permit the use of N2H4 as a fuel

in a bipropellant engine. After testing at the component level, a system
will be assembled and tested to verify design adequacy, determine
subsystem interaction, and most importantly, technology readiness.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,0 B, ¢/»
6. RATIONALF AND ANAL YSIS:

a. Missions to the outer planets is the driving technology
b. Mission Al, 4, 5 would benefit from this technology

¢. This technology would improve reliability and/or lifetime
d. Ground verification tests

TO BE CARRIED TO LEVEL9810




DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(1)c

1. TECHNOLOGY REQUIREMENT(TITLE): _Long-Life Earth -
Storable Bipropellant Technology
7. TECHNOLOGY OPTIONS:

PAGE 2 OF 3

None

8. TECHNICAL PROBLEMS:

Thrust chamber materials and combustion instability

Y. POTENTIAL ALTERNATIVES:

Leave alone and accept the risks and lower perfurmance and flexibility
of currently used earth-storable propulsion systems.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

There are no planned programs and without NASA resources, the technology
would not advance.

EXPECTED UNPERTURBED LEVEL 3
11. RELATED TEC HNOLOGY REQUIREMENTS:

None

<«
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DEFINITION OF TECHNOLOGY REGQUIREMENT NO, I-A-(1)c

?

1. TECHNOLOGY REQUIREMENT (TITLE): Long-Life Earth - PAGE 3 OF 3 _

Storable Bipropellant Technology
12. TECHNOLOGY REQUIREMENTS SCHEDULE;
CALENDAR YEAR
SCHEDULE ITEM 70176 177178]79]80]81|82]83|84]35]|86]87]85[89[90(91

TECHNOLOGY

1. Analysis & Design

2, Component Dev.

3. Assembly Test

4, System Test

5.

APPLICATION

1. Design (Ph, C)

2, Devl/Fab (Ph. D)

3. Operations

4.

13, USAGE SCHEDULE:

T 1

TECHNOI.OGY NEED DATE TOTAL

NUMBER OF LAUNCHES

14.

15.

REFERENCES:

LEVEL OF STATE OF ART

1. BASIC PHE. NENA OBSERVED AND REPORTED,

2. THEORY FORMULATED TO DESCR!BE PHI NOMFNA,

3, THEOI' TESTED BY PHYSICAL EXPLRIMENT
Cit MATHFMATICAL MODEL,

4  PERTINENT FUNCTION OR CHARACTERISTIC DFMONSTRATED
E.G., MATERIAL, CONPOMNENT, E10C,

COMPONFNT Ot AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY,

MODEL TESTED IN AIRCRAFT E NVIRONMENT,

MODEL TESTLD IN SPACEF ENVIRONMENT.

NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODLL,

RELIABILITY UPCRADING OF AN OPERATIONAL MODEL,

LIFETIME EXTENSION OF AN OFPLRATION \t. MOD} L.,

e oy



DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)d

e cove 7 e ————————— e

———

1. TECHNOLOGY REQUIREMENT (TITLE): Advanced PAGE 1 OF _3_
X Launch-Vehicle Engines Using High Density Fuel and Oxidizer Propellants

2. TECHNOLOGY CATEGORY: Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Conduct the technology needed to
permit the development of high performance, high pressure, (4000 Pc) reusable

rocket engines using high density fuel and oxidizer propellants.

4. CURRENT STATE OF ART: _Technology for high density fuel (hydrocarbon and
amine) and liquid oxygen propellant combinations has been carried only to
ggderate pressures 4(1000 Psi) HAS BEEN CARRIED TO LEVEL _2_

5. DESCRIPTION OF TECHNOLOGY

The technology needed includes a survey and characterization of promising
hydrocarbon fuels that offer higher density-impulse than RP-1 with LOX, the
acquisition of heat transfer data and thermal decomposition data, techniques
for regenerative cooling with liquid oxygen, improved modeling of the
combustion process and chamber gas dynamics at high pressure so that combus-
tion instability can be avoided and energy release efficiency (performance)
maxinized, a search for high temperature resistant materials so that turbine
temperatures can be raised and/or low cycle fatigue life extended, and
development of composite or filament wound components and interconnects to
minimize engine weight. Finally, engine system studies are needed to
evaluate performance, engine weight, cooling limits, variations in the engine
cycle, boost pump drive techniques, and development risk.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A,0 B, ¢/D

6. RATIONAL F AND ANALYSIS:;

a. The requirement for a high density propellant, high performance, high
pressure engine is based on analyses which have been performed for a
single-~state-to-orbit vehicle concept. The critical parameters which
drive the technology are high density impulse at lift-off and high stage
mass fraction.

b. This advanced engine is part of a system which will enhance the Earth
to Low-Earth-Orbit transportation capability by reducing recurring cost
and possibly improving reliability.

c. Advances in high density propellant engine technology may enable the
development of single-state-to-orbit launch vehicles, thus reducing
recurring launch costs over two-stage systems.

d. Component and major subsystems tests (with subscale hardware as a minimum)
are needed to demonstrate technology readiness.

TO BE CARRIED TO LEVEL 5 _

59
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)d

TECHNOLOGY REQUIREMENT(TITLE): __Advanced Launch PAGE 2 OF __2
Vehicle Engines Using High Density Fuel and Oxidizer Propellants

TECHNOLOGY OPTIONS:

None

8.

TECHNICAL PROBLEMS:

Oxide coating on the coolant side of the combustor wall and/or unacceptable
wall damage from small leaks may prevent cooling with oxidizer. Combustion
stability comprimizes that may be requirad with some of the as yet

uncharacterized hydrocarbon fuels may prevent obtaining sufficient performance,

POTENTIAL ALTERNATIVES:

None

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Survey of potential high density fuels currently underway, RTOP 506-21-xx.
Investigation of supercritical oxidizer cooling currently underway, RTOP
506-21-11. High density fuel engine study currently underway, RTOP
506-21-xx. The proposed advancement would not occur without NASA resources.
The state-of-the-art as described in item 4 would not change.

EXPECTED UNPERTURBED LEVEL 2

i1.

RFLATED TECHNOLOGY REQUIREMENTS:

Materials research for higher temperature turbine and combustor materials.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR



DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(1)d
. TECHNOLOGY REQUIREMENT (TITLE): __ Advanced Launch PAGE 3 0F 3

Vehicle Engines Using High Density Fuel and Oxidizer Propellants

12, TECHNOLGGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 751761771 78]79[80[81}82183]|84]35]|86]87]«s[89]90|91

TECHNOLOGY
1, Propellant Character-
ization
2, Heat Transfer & Coolifg

3. Combustion & Performarce

4. High Temperature Mater iaJs

5. Engine Study

APPLICATION
1. Design (Ph, ()

2, Devl/iab (Ph, D)

3. Operations

13. USAGE SCHEDULE:

1
TECHNOLOGY NEED DATI. " TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

Gregory, John W., "Propulsion Technology needs for Advanced Space Transporta-
tion Systems." AIAA/SAE 11th. Propulsion Conference, anaheim, CA, Oct. 1975.

15. LEVEL OF STATE OF ART 8. COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIKOKMFNT IN Tit. LABORATORY,

1. BASIC PHENOMENA ORSERVLD AND WF PORTED, 6. MODEL TESTED IN AIRCRAFT E NVIRONMENT,

2. THEORY FORMULALIED TO DESCRIBF DI NOMENA, 7. MODEL TESTLD IN SPACE ENVIROXMENT .,

3. THEOKY TESIFD BY PHYSICAL EXPERIMENT 8. NEW CAPAIILITY DLRIVED FROM A MUCH LESSER
OR MATHFMATICAL MODEL, OPERATIONAL MODLL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DFMONSTRATED, 9. RELIABILITY UPGRADING UY AN OPERA FlvNAT MODEL,
E.G., MATENIAL, CONPOMNERT, F10, 10. LIFETIME EXTENSION OF AN OFL RATION \!, MODE L.,

61
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)e

1. TECHNOIL.OGY REQUIREMENT (TITLE): Advanced Launch Vehicle PAGE 1 OF _3_
Engines Using Hydrogen and Oxygen Propellants

2. TECHNOLOGY CATEGORY: Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED;_lmprove the technology now being
used in the development of high performance, high pressure, reusable rocket

engines using hydrogen and oxygen propellants.

I. CURRENT STATE OF ART: Technology currently exists and is being used for

the development of a high performance, high pressure H -0 engine (SSME).
HAS BEER CARRIED TO LEVEL 2

5. DESCRIPTION OF TECHNOLOGY

The technology is needed for the future uprating of the current Space
Shuttle Main Engine (SSME) and development of a high performance engine for
a single-stage-to-orbit vehicle, and/or a heavy-lift vehicle. The
technology is also applicable to a dual-fuel engine for a single-stage-to-
orbit vehicle.

The technology improvements needed are materials research to permit
increased turbine temperature and extended low cycle fatigue life for
combustor components, extendible nozzles to better optimize performance,
improved long life bearings and seals, and development of composite or
filament wound components and interconnects to reduce engine weight.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A, 8,0 ¢/D

6. RATIONALE AND ANAIL YSIS:

a. The requirement for high performance, high mass fraction, reusable stages
for the Shuttle, and future single-stage-to-orbit and heavy life
vehicles has been established.
The technology for propulsion system improvement for these vehicles falls
into three broad catagories: performance improvement, weight reduction,
and longer lifetime. Performance can be increased by raising chamber
pressure (and arvea ratio) and by use of of two-position nozzle. This
implies increased turbine inlet temperature which is now limited by
materials; a translatable nozzle skirt and materials research to reduce
engine weight and provide longer life.

b. Technology is applicable to SSME performance improvement, weight
reduction, and life extension and to the development of advanced
hydrogen-oxygen and/or dual-fuel engines for single-stage-to-orbit or
heavy 1lift vehicles.

c. Advances in hydrogen-oxygen propulsion technology will result in payload
enhancement and reduced recurring cost through extended engine life.

d. Major subsystems testing is needed to demonstrate technology advancement.

TO BE CARRIED TO LEVEL 5 _
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)e

st ——

PAGE 2 OF 3

e
e —

1. TECHNOLOGY REQUIREMENT(TITLE): Advanced Launch Vehicle
Engines Usiggt Hydrog_en and Oxygen Propellants

7. TECHNOLOGY OPTIONS:

An option to deveioping higher temperature resistant materials for turbines
is to devise viable turbine blade cooling techniques.

8. TECHNICAL PROBLEMS:

Development of higher temperature materials for turbine or turbine blade
cooling techniques are major obstacles to improving specific impulse of

staged combustion cycle engines.

Y. POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
Thrust chamber heat transfer and cooling currently underway. RTOPS 506-21-11

and 790-40-12. The proposed advances would not occur without NASA sponsor-
ship. The state-of-the-art as described in item 4 would not change.

EXPECTED UNPERTURBED LEVEL 2

11. RELATED TECHNOLOGY REQUIREMENTS:;
Significant improvement in performance for staged combustion cycles is

dependent upon development of higher temperature turbine materials or viable
turbine blade cooling techniques.




L DEFINITION OF TECHNOLOGY REQUIREMENT NO.

. TECHNOLOGY REQUIREMENT (TITLE): Advanced Launch Vehicle PAGE 3 OF 3
Engines Using Hydrogen and Oxygen Propellants.

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

-]

<

76 177178]179180[81[82]83]|81]35186]8

-3

-1

85{59{9091

TECHNOLOGY
1. Thrust Chamber Cooling

., & Performance Predict
2. Turbomachinery

3. Extendible Nozzle

4, Aerospike Sys. Demon.

5, ASE Sys. Demon.

APPLICATION
1. Design (Ph. ()

2. Devl/Fab (Ph, D)
3. Operations
1.

13, USAGE SCHEDULE:

1
TECHNOLOGY NEED DAT:. Xi ) &3 TOTAL

NUMBER OF LAUNCHES

14 REFERENCES: *SSME Uprating **Single-stage~to-orbit
heavy lift vehicle
Gregory, John W., "Propulsion Technology Needs For Advaunced Space Transporta-
tion Systems", AIAA/SAE 11lth. Propulsion Conference, Anaheim, CA, Oct, 1975.

\ 1Y OF THE
N JONAL PAGE 18 POOR

15. LEVEL OF STATE OF ART 8. COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Ti: LAMORATORY,

1. PASIC PHENOME NA OIoE RVED AND 2FPORTED. 8. MODEL TESTED IN AIRCRAFT F NVIRONME NT,

2. THEORY FORMULATS D TO DE N RIBE PUHENOMENA, 7. MODFL TESIYD (N SPACE ENVIRONMENT

3. TR ORY YESIED BY PHY SICAL FXPERIMENT 8. NEW CAPARILITY DLRIVED FROM A MVYCH LESSER
OR MATHEMATICAL MODELL, OPERATIONAL, MODEL,

4. PERIINENT FUNCTION OR CHARAC TF RISTIC DF MONSTRATED, 9. RELIARILITY UPGRADING OF AN OPFRA TIONAT MODLL,
E.Co MATERIAL, COVPONINT, K, 10. LIFETIME LXTENSION OF AN O11 RATION 11, MOD} L,.
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DEFINITION OF TECHKNOLOGY REQUIREMENT NO, I-A-(1)
———— ——

1. TECHNOLOGY REQUIREMENT (TITL.E): Densification of PAGE 1 OF _3_
. Cryogenic Propellants By Use of Slush or Triple Point Fluid
| 2. TECHNOLOGY CATEGORY: _14 Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:_(a) Produce triple point and/or two
phase solid-liquid (slush) LH, and LO_ (b). Establish ground based transfer

and loading capability.

I. CURRENT STATE OF ART:; _The feasibility of using the freeze-thaw process

to produce solid H2 has been evaluated.

HAS BEEN CARRIED TO LEVEL 3_

5. DESCRIPTION OF TECHNOLOGY

Perform trade-off studies of various vehicles to determine benefits to be
obtained by use of slush or triple point cryogens and utilize results to
guide experimental work. Establish the techniques for producing, trans-
ferring, loading, and storing high density cryogenic propellants in ground
based facilities. Maximum density increases can be obtained only through
improvements in handling procedures and hardware that significantly reduce
system heat losses.

P/1. REQUIREMENTS BASED ON: [J PRE-A,[J A, B,00 C/D

6 RATIONALE AND ANAL.YSIS:
Future launch and space vehicles can benefit by increasing propellant density.
Substantial increases in stage AV occur by loading more propellant into a
constant volume vehicle, such as stages constrained by the shuttle cargo by
size.

The technology must be advanced to the point that mixtures of solid-liquid
hydrogen in excess of 30% by weight solid can be reliablv loaded and
maintained in a launch vehicle during the launch count~down procedure. This
is also required in the case of triple point oxygen.

The use of slush or triple point cryogen also assists in storage of the
cryogen in space for longer periods without excessive boil-off.

TO BE CARRIED TO LEVEL 5
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DEFINITION OF TECHNOLOGY REQUIREME VT NO, I-A-(1)f

pes

1. TECHNOLCGY REQUIREMENT(TITLE): Densification cof PAGE 2 OF 3
Cryogenic “ropellanis By Use of Slush or Triple ?a* '+ Tluid

e

7. TECHNOLOW TIONS:

TECHNICAL PROBLEMS:

v 8

Principal problems are related to manufacture, storage, and transfe- of
slush or triple point cryogen. The cryogenic system must be carefully
designed to prevent heat leak into the system.

9. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

There areno programs in NAsSA currently directed at this problem.

EXPECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

High density hydrocarbon propellant manufacturing and characterization.




DEFINITION OF TECHNOLOGY REQUIREMENT

N0, I-A- (O f

_
| TECHNOLOGY REQUIREMENT (TITLE); Densification of

Cryogenic Propellants By Use of Slush or Triple Point Fluid

PAGE 3 OF __3

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDUILE ITEM 78179 80]81 82]83]814]35]66]87

-1
)
-}
[«
-]
-3

85

89

90

91

TECHNOLOGY
1. System Definition

2, Hardware Design

3, Test Demonstration

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)

3. Operations

|
e

153, USAGE SCHEDULE:

TECHNOLOGY NEED DATL

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

Suggested new category under 1.0 Low Cost Earth-to-Orbit Transporation in
"Spacc Experiment Opioriunities to Support the Outlook for Space Technology

Recommendations"
15, LEVEL OF STATE OF ART 8. COM.ONINT OR AREADROARD 1ESTED IN RELEVANT
ENVIRONMENT IN Tift LABORATORY,
1. BASIC PHELOAENA OIRSERVED AND RFPORTED, 8. MODL TESTED IN AIRCRAFT FAVIRUNMENT,
2. THEORY FORMULALED TO DESCRIBE PUENOMENA, 7. MODFL TESTED N SPACE FAVIRONANI
3. THRORY TESTED 89Y PHYSICAL F\PERIMENT 8. NEW CAPAMILITY DD KIVED PPOM A MUCH LENSER
OR MATHEMATICAL MODEYL, OPERATIONAL MODLL..
4. PLRIIMNT FUNCTION OR CHARAU TF RISTIC DF MONSTRATED, 9. FALIARILITY UPGRADING OF AN OPFRA T1NAL MODLL,
F.G . MATRUIAL, COVPONENT, B, 10. LIFETIME E XTENSION OF AN Q1L RATION T MODEL .
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)g

|, TECHNOLCGY REQUIREMENT (TITLE): High Chamber Pressure  pAGE 1 OF 4_
H_/0, Space Engines
Pt

2. TECHNOLOGY CATEGORY; Propulsion
1. OBJECTIVE/ADVANCEMENT REQUIRED:_High performance, light weight

compact sized engines for advanced space vehicles through increase of chamber

pressure to 2000 psia.

|, CURRENT STATE OF ART: Component development in progress, including main

turbopumps, preburner, thrust chamber agsembly engine preliminary design and__
boost pump drive. HAS BEEN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOILOGY

Technology program has been in progress at the Lewis Research Center since
1972 to develop technology for high performance hydrogen-oxygen engines
suitable for advanced space vehicles, such as Space Tug. Etforts are aimed
primarily at staged combustion cycle engine (ASE) of 20,000 pounds thrust
but program also includes aerospike thrust chamber program previously funded
by Air Force. Basic component technology on turbopump bearings and seals,
injector design, thrust chamber cooling and chamber cooling and chamber
thermal fatigue life is also applicable to other types of engines in this
thrust class, such as expander cycle engines. Work to be carried through
svstems level testing of breadboard engines.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0 4,00 B,0 ¢/D

i RATIONALE AND ANAT Y3IS:

(a) Chamber pressure increase to 2000 psia for staged combustion engine
or 1000 psia for aerospike or expander/bell engine necessary to provide
high specific impulse with minimum engine size and weight. Large
expansion ratio nozzles are necessary to obtain high Isp and these
become bulky and heavy at low chamber pressure.

(b) Engines applicable to upper stages like Centaur, IUS, Space Tug, and
future vehicles for transfer from low earth orbit to geosynchronous
orbit, to the moon or to escape velocity. Also applicable to vehicles
for lunar landing and/or takeoff.

(c) See Page 4.

| Y OF THE
LPRODUCIBILITY OF T
ORIGINAL PAGE 18 POOR

TO BE CARRIED TO LEVEL 5




DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(1)g

1. TECHNOLOGY REQUIREMENT(TITLE): High Chamber Pressure PAGE 2 OF 4
Hz/ O2 Space Engines

|

TECHNOLOGY OPTIONS:

An option to the use of a two position nozzle on the ASE is to pivot or
swirg the entire engine 90° for stowage in the shuttle cargo bay. This
would reduce the stowed stage length by about two feet. An option to the
aerospike is a plug cluster nozzle arrangement using a multitude of discrete,
round-throat chambers exhausting onto a central plug nozzle. This gives a

very short engine length and could make use of Shuttle APS thruster H2/02
technology.

8. TECHNICAL PROBLEMS:

For small staged combustion engines the primary technology problems are
chamber life, turbopump bearings and seals life, turbopump fabrication and

system control. For the aerosp®ke engine the primary technology problems
are thrust chamber integrity and life.

Y. POTENTIAL ALTERNATIVES:

The alternative to using an advanced engine is to use a lower performance,
existing state-of-the-art engine. For the Space Tug the alternative to
using the ASE or aerospike is to use the RL10 cat. IIB, a modified existing
engine which operates at 400 psia chamber pressure and consequently delivers
lower Isp and is larger and heavier than the advanced engines.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-21-11 "Advanced Liquid Rocket Systems Technology"
RTOP 910-83-03 "Advanced Hz/O2 Engine Component Technolog;"

Unperturbed Program - technology will not advance without NASA resources

EXPECTED UNPERTURBED LEVEL 4

11. RELATED TECHNOLOGY REQUIREMENTS:

N— T A
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DEFINITION OF TECHNOLOCY REQUIREMENT NO,I-A-(1)g

— —

ﬁ

H_/0_ Space Engines

TECHNOLOGY REQUIREMENT (TITLE): _High Chawber Pressure PAGE 30F 4

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR
o . - T T
SCHEDULE ITEM 7|76} 77]78[79]80]81]42{83]31]35[86]87]85]39]90}91

1.

9
—e

TECHNOLOGY

Component Technology

Breadboard Engine
Program

1.

~
.

(™)

APPLICATION

Design (Ph. C) (cl /1D)

Devl/Fab (Ph. D)

Operations >

13,

USAGE SCHEDULE:

T
TECHNOLOGY NEED DATE A TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:
1) Zachary, A.T.: Advanced Space Enpine Technology, 1974 JANN\¥ Propulsion
Meeting, San Diego, CA, Oct. 1974.
2) Huang, D.H.: Aerospike Engine Technology Demonstration for Space Propul-
sion, AIAA Paper No. 74-1080, AIAA/SAE 10th Propulsion Conicrence, San
Diego, CA, Oct. 1974.
3) Gregory, J.W.: Propulsion Technology Needs for Advanced Space Transpor-
tation Systems, AIAA/SAE 11lth Propulsion Conference, Anaheim, CA, Oct.
1975.
15. LEVEL OF STATE OF ART 5. COMVPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMFENT IN THE LABORATORY,
1. PASIC PHELNOMUONA ORSERVED AND REPORTED, 8. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2, THEORY FORMULATED TO DESCRIBF PHFNOMENA., 7. MODEL TESTLD IN SPACE ENVIRONMENT,
3. THFORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DLRIVED FRUM A MUCH LESSER
OH MATHEMATICAL MODEL, OPERATIONAL MODEL.
4. PERTINENT FUNCTION OR CHARACTERISTIC DFMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERA [1ONAT MODEL,
E.G., MATERIAL, CONPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATION \t, MODY L.,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(D)g

6. (c)

(d)

The Space Tug is very sensitive to specific impulse and mass fraction
because of the high Ay it must provide. The ASE will provide about

15 seconds higher Isp than the RL10 category IIB and will be about 75
pounds lighter in weight. Overall stage length is also very important
for the tug. The ASE with a1 two-position nozzle is about 16" shorter
than the RL10 IIB and the aerospike engine is about 47" shorter than the
RL10 IIB. Also, the ASE will provide 10 hours life as compared to 5
hours life for the RL1O IIB.

Systems level testing of breadboard engines is needed to o' tain data
on component interactions, control requirements, and overall system
performance. It will also provide a convincing demonstration of the
overall technical maturity of the technology.

n

—————— |
1. TECHNOLOGY REQUIREMENT (TITLE): High Chamber Pressure =~ PAGE%4 OF 4_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)

I TECHNOLOGY REQUIREMENT (TITIL.E): Tank He'd Idle and Exten¥AGE 1 OF 3
dible Nozzle for Low to Moderate Chamber Pressure Hydrogen-Oxygen Space Engines
2. TECHNOLOCY CATEGORY: _Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Provide the technology for increasing

the performance of low to moderate chamber pressure, bell nozzle, cryogenic space

engines.

|. ( URRENT STATE OF ART: Most of the technology is in hand; however idle

mode operation and performance of extendible, high area ratio nozzles have not
been demonstrated. HAS BEEN CARRIED TO LEVEL _l

5. DESCRIPTION OF TECHNOLOGY
Tank head idle mode operation makes propulsive use of the propeliant used
for engine chilldown prior to restart after long coast periods. Previous
tank I'2ad idle work resulted in unacceptable mixture ratio anua chamber
pressur.e excursions due to the injection of two-phase oxygen into the
combustor. The plan is to control these excursions by vaporizing the
oxygen in a hydrogen-oxygen heat exchanger prior to injection, thus
avoiding the need for a closed loop engine control system.

Maximum performance of a space engine operating in a hard
vacuum can be obtained only with large area ratio nozzles,
Because these nozzles are necessarily long, they must be
built in two parts for stowing in the Shuttle cargo bay.
Therefore, the technology is needed to analyze, select,

and Jdemonstrate the minimum weight nozzle designé translating

mechanism, hot gasyfatn AN CROBABEFERITI AR RS0 ¢/

6. RATIONALLK AND ANAILYSIS:

a. High area ratio nozzles are required to maximize the performance of
space engines operating in hard vacuum. Tank head idle mode reduces
vehicle weight.

b. Engines for upper stage vehicles operating in space.

c. The payload requirements for the Space Tug require maximizing
performance and mass fraction. This is obtained by optimizing the
nozzle area ratio on the basis of specific impulse and nozzle weight,
and making propulsive use of chilldown propellants by idle mode
oepration.

d. System level testing of a flight weight extendible nozzle to demonstrate
performance, nozzle translation and idle mode operation.

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(1)i

1. TECHNOLOGY REQUIREMENT(TITLE): Tank Head Idle and Exten- PAGE 2 OF 3

dible Nozzle for Low to Moderate Chamber Pressure Hydrogen-Oxygen Space Engines

7. TECHNOLOGY OPTIONS:

Other nozzles options for attaining maximum performance consistent with the
chamber pressure are aerospike and plug nozzles.

The proposed method for tank head idle operation is to vaporize the oxygen
prior to injection under tank head and use an open loop engine control

system. An option is to use a closed loop engine control system with
mixed phase oxygen injection.

8. TECHNICAL PROBLEMS:

Distortion of a light, flight-weight nozzle during repeated the.mal cycling
may cause alignment, translation and <ealing problems.

Y. POTENTIAL ALTERNATIVES:

One piece nozzles could be used, resulting in a drastic reduction in payload
length on Shuttle flights. Settling rockets or APS thrusters could be used
in place of tank head idle but with an attendant weight penalty.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Heat exchanger design for vaporizing liquid oxygen in progress, NAS 8-31151,
$155 K. The proposed advancement would not occur without NASA resources.
The state-of-the-art as described in item 4 would not change.

EXPECTED UNPERTURBED LEVEL 2
11. RELATED TECHNOLOGY REQUIREMENTS:

None.
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO. I-A-(1)h

—

|, TECHNOLOGY REQUIREMENT (TITLE); Tank Head Idle and ExtenPAGE 3 OF 3
dible Nozzle for Low to Moderate Chamber Pressure, Hydrogen-Oxygen Space Engines

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

-]
[J1]

76

~]

78

79

80

8182 83]84|35[86]57§88]89190]91

TECHNOLOGY

1. Tank head idle heat
exch.

2+ Nozzle anal.;des. & f?b.

3. Nozzle & tank head id}
demon.

5.

e

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations

4.

13. USAGE SCHEDULE:

TECHNCI.OGY NIIED DATL.

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES;:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND RFPORTED,
2. THEORY FORMULATED TO DFSCR!BE PII NOMENA,
3. TAEORY TESFED BY PHYSICAL LNPLRIMENT

OR MATHEMATICAL MODEL,,

4. PRRTINENT FUNCTION OR CHARAL TERISTIC DFMONSTRATED,

F.G., MATERLAL, COVPOMENT, FTC,

REPRODUCIBLLITY OF THE
QRIGMNAL PAGE IS POOR

8. COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

6. MODEL TESTED IN AIRCRAFT £ NVIRONMENT.

7. MODEL TESTLD IN SPACF ENVIRONMENT,

8. NEW CAPANLITY Di.RIVED FROM A MUCH LESSER
OPERATIONAL MODLL.

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODLL,

10. LIFETIME EXTENSION OF AN OFLRATION A%, MODE L.,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)1

|. TECHNOLOGY REQUIREMENT (TITLE): Small Hz/ofMain and PAGE 1 OF 4_
Auxiliary Propulsion Systems

2, TECHNOL.OGY CATEGORY: Propulsion
5. OBJECTIVE/ADVANCEMENT REQUIRED;_Sm2ll high performance H /0  engines
and systems for attitude control, apogee kick stages, and planetary retro stages.

I. CURRENT STATE OF ART: 1500 pound thrust H /O APS thrusters have been

22
extensively tested for performance and life; APS system design and trade-off
study completed for LH2/LOX APS system for tug. HAS BEEN CARRIED TG LEVEL3&4

5. DESCRIPTION OF TECHNOLOGY

1. Development of technology for LH2/LOX APS system for tug including 25
pound thrust engines, small cryogenic pumps, accumulators, controls,
and refillable tanks. After component technology is completed, systems
testing will be performed to evaluate control requirement and measure
heat input effects to thrusters and feed lines.

2. Develop technology for small thrust cryogenic engines of 300-3000 pounds
thrust suitable for use on apogee kick stages and planetary retro stages.
Perform vehicle/propulsion system studies to guide technology program
and complete system preliminary design.

P/L REQUiREMENTS BASED ON: [J PRE-A,[J A,[O B,J ¢/D

6 RATIONALILR AND ANALYSIS:

(a) Small thrust cryogenic engines must be specially designed for accurate
thermal control so that rapid start-up is achieved with cryogenic
propellants entering a warm engine. For tug attitude control, impulse
bits of about 1.0 lb-secs. are required, which necessitates rapid
thrust build-up and tail-off. Long life is also necessary since the
thrusters must be capable of 200,000 firings. For small kick stage
or planetary retro stages the primary emphasis is on high performance,
light weight, and reliability.

(b) For attitude control of space vehicles, such as space tug, or larger
orbit transfer vehicles or lunar vehicles. Main propulsion engines

for apogee kick stages or planetary retro stages.

(c) See Page 4.

TO BE CARRIED TO LEVEL 3
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(1)1

1. TECHNOLOGY REQUIREMENT(TITLE): Small H /0, Main and PAGE 2 OF 4

Auxiliary Propulsion Systems

7. TECHNOLOGY OPTIONS:

Principal option in cryogenic APS for tug involves degree of integratior
with other on-board systems, such as 1~12/02 fuel cell supply system, and use

of separate, dedicated tanks for the APS propellant, main tank, propellants,
or refillable tanks. Systems study done by Rockwell under Lewis' contract
NAS3-18913 showed that use of refillable tanks (from main tank propellants)
results in the best system design.

8. TECHNICAL PROBLEMS:

Development of high performance, fast response, long life light weight
thrusters, small cryogenic pumps, accumulators, and controls. Evaluation of
system level control problems and effects of heat input into various
components and parts of the system.

Yy, POTENTIAL ALTERNATIVES:

Alternative to use of cryogenic APS for Tug is use of earth storable ~r
monoprop-hydrazine systems with their poorer performance, greater weight, and
life and handling problems. For apogee kick stages, alternatives are solid
propellants or higher bulk density liquid propellants.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-21-11, "Advanced Liquid Rocket Systems Technology"
Unperturbed Program - Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL3&4

11. RELATED TECHNOLOGY REQUIREMENTS:

Long term cryogenic propellant storage; lightweight composite, vacuum-
jacketed feed lines.
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DEFINITION OF TECHNOLOGY REQUIREMENT

————

NO, I-A-(1)i

PAGE 3 OF _4

| TECINOLOGY REQUIREMENT (TITLE); Small Hy/0, Main and

Auxiliary Propulsion Systems

B

12, TECHNOLOGY REQUIREMENTS SCUHEDULE:

CALENDAR YEAR

SCHEDULE ITEM TolT6[77178[79]180[81]182]83]81135186])87[88]59]90]91

TECHNOLOGY

1. Analysis/Design

2., Fabrication

3. Component Test

1. Systems Test .

5.
APPLICATION

1. Design (Ph, )

2, Devl/I'ab (Ph, D)

3. Operations

1.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE. 1 4' TOTAL
NUMBER OF I.AUNCHES

1t. REFERENCES:

(1) Nichols, J. "Cryogenic Auxiliary Propulsion System Study for the Space
Tug"; NASA CR-13479, June 1975, Lewis Contract, No. NAS3-18913.

(2) Gregory, J.W. and Herr, P.N.: '"Hydrogen-Oxygen APS Thruster Technology
Status:, AIAA/SAE 8th Propulsion Conference, New Orleans, LA; Nov. 1972.

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED WND RFPORTED,

2. THEORY FCRULAT. D 1O DESCRIBE DU NOMENA,

A0 THRORN TESTED BY PHYSICAT FNDPERIMENT
OR MATHEMATICND MODELL,

4. PERIINENT PUNCTION ORCCHARN TERISTIC DF MONSTRATED,
F.G | MATERIND, CONVPONENT B T,

COMPONENT OR RREADBOARD FESTEDIN REVEVALT

ENVIRONMENT IN T

LABORATORY,

MODEL TESTED IN AIRCRAFT FAVIRONMENT

MODEL TESTE D N SPACE BMVIRONEN]

NEW CAPANIITY 1N RWIVED FROM A MUCR TEnER

OPERATIONAL MODLL.

RELIARILITY UPGRADISNG OF AN OPLRA 1O NAL MODEL,
LIFETIME EXTENSION OF AN OFF RATION MO,
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1. TECHNOLOGY REQUIREMENT (TITLE): _Small Hp/O, Main and = PAGE4 OF _4

DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)i

Auxiliary Propulsion Systems

6. (c)

(d)

LH2/L02 Attitude control system for tug provides a iighter weight system
than earth storables or monoprop. hydrazine. It also provides improved
abort capability for Tug, since main propellants can be burned in the
APS; clean, non-toxic, non-polluting propellants with inherent long life
potential; reduction of main engine critical requirements such as tank
head idle and pumped idle by using the APS for maneuvers. Use of
cryogenic systems for kick stages or planetary retro stages provides
higher payload capability and greater operational flexibility than solid
rocket motors.

Systems level testing in a thermal/vacuum facility needed for small
cryogenic propulsion systems in order to evaluate effects of typical heat
inputs to the system from the stage and the environment.
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DEFINITION OF TECHNOLOGY REQUIFEMENT NO. I-A-(l)J%

1. TECHNOLOGY REQUIREMENT (TITLE): High Performance Space PAGE 1 OF _4
Engines Using High-Density Propellants

2. TECHNOLOGY CATEGORY: Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:_High performance, light weight compac&
sized engines for advanced space vehicles through increase of chamber pressure

and use of high density propellants.

1. CURRENT STATE OF ART: Studies and analyses underway to evaluate

applications for high performance space engines using high bulk density
HAS BEEN CARRIED TO LEVEL 2

propellants.

5. DESCRIPTION OF TECHNOLOGY

Development of rocket engine technology for engines in the 5,600 to 30,000
pound thrust class that utilize high performance, high bulk density

propellants, such as LOX-hydrocarbons, LOX-amine fuels, FZ/HZ and NZOA/Nzﬂa'

Technology will also include dual fuel engines that are capabie of utilizing
a high density propellant combination, such as LOX-MMH during the early
portion of a mission and switching to LOX—LH2 later in the flight. Both
bell and plug nozzle engines will be investigated. Experimental work will
be preceded by application studies of various high bulk density propellant
systems to select the most promising ones.

P/L REQUIREMENTS BASED ON: [J PRE-A,[(OJ A,O0 B, C/D

6. RATIONALF AND ANALYSIS:

(a) Increase of chamber pressure to 1000 psia or higher and use of pump-fed
engines provides higher specific impulse with minimum engine size and
weight. Large expansion ratio nozzles are necessary to obtain high Isp
and these become bulky and heavy at low chamber pressure. Use of dual
fuel system for Space Tug (or similar future vehicles) provides
performance comparable to H2/02 and a considerable reduccion in stage

size.

(b) Suitable for application to: 3pace maneuvering reduction in stage
size. Shuttle OME; vehicles for transporting payloads from low earth
orbit to geosynchronous rrbit or escape velocity such as Space Tug; and
for lunar landiug and t keoff vehicles.

(c) See Page 4.

TO BE CARRIED TO LEVEL 5
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1-A-(1)j

1. TECHNOLOGY REQUIREMENT(TITLE): High Performance Space PAGE 2 OF &
Engines Using High-Density Propellants

7. TECHNOLOGY OPTIONS:

The choice of propellant from among the options avcilable will have
considerable bearing on the technology needs and the engine design. A
range of heavy hydrocarbons are applicable and they vary in density,
impulse, cost, and basic properties. The amiae fuel family offers a range
of candidates with similar attributes. The flourine-hydrogen propellant
combination is also 2 candidate for these applications.

8. TECHNICAL PROBLEMS:

Principal problem areas are engine cooling, combustion performance and
stability, turbomachinery, component life, and engine controls. For dual
fuel systems, the above problems apply plus additional problems related to
use of two fuels alternately in the same engine, such as injector desicn
and hot gas manifold shutoff valves.

Y. POTENTIAL ALTERNATIVES:

The alternative to developing new high performance space engines for high
bulk density propellants is to continue using low pressure, low-performance
engines and earth storable propellants (N204 - MMH or A50) which have

considerable problems associated with toxicity, handling, reusability, and
cost.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Unperturbed program -~ Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 2

11. RELATED 1TrCHNOLOGY REQUIREMENTS:




DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)]
L. TECHNOLOGY REQUIREMENT (TIT1.E); _High Performance PAGE 3 OF &
Space Engines Using High-Density Propellants
2. TECHNOLOGY REQUIREMENTS SCHEDUIL.E;
CALENDAR YEAR
SCHEDUILE I'TEM Sl T6ETTITS T 80 s s2 83l s 558 s7Is~139]90]01
TECHNOLOGY
1. Analysis/Design
2 Fabrication
3. Component Test
l. Systems Test
5.
APPLICATION
1. Design (Ph. ()
2, Devl/Fab (Ph. D)
3. Operations
1.
15, USAGE SCHEDULE:
| A
TECHNOLOGY NEED DAT}, A TOTAL
NUMBER OF LAUNCHES
It REFFRENCES:
(1) sSalkeld, R. and Beichel, R.: '"Mixed Mode Propulsion Svst.ms for
Full Capability Space Tugs'", 21st Annual Meeting American Astronautical
Society, Denver, Colo., Aug. 1975.
(2) Dandridge, M.H.: "LOX/MMH Propulsion for Space Tug", 1974 JANNAF
Propt sion Meeting, San Diegu, CA, Oct. 1974.
15, LEVEL OF STATE OF ART 5. COMPONENT OF JUEABBOARD TE~TED 1N KELF VAT
FNVIRONMENT DN THY LAta KAT 0RY
B BASIC PHESOMENA GROERVE D AN B i D 6. MODELTESTEDIN AIRCHAF T F AV IRONS S &
o THROIY B LA TED 10 DES L LE § o NOMENA, T.OMODEL TESITD N SPACE B VIR SN
Jo T Oty TESTED By PRy Sl v | g RIME N 8. NEW CAPAMILITY DK S D et A MO L B
O AN M e Moy OPFRATIONAL ML
O PERENEN FUNCLON Ol T ST o MONSTRA TS D, S, RFLIAHIITY | PGRADING OF A* OFPERAL B N AT Mor |
LI VRN AN & SRV I LIS B S S 10, LIPRTEME EXTENSION OF AN G RATH Mot
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6. (c) Present high bulk density Propellant g

(d)

Storable Propellants (N20 ~ MMH or A50 fuel) and low Performance

(about 300 Secs. Isp), low Pressure engineg,

Significant gains in

system Performance may be achieved by utilizing higher performxnce,

such asg Lox-hydrocarbon or LOX-amine
fuel, ang developing suitable higher Pressure, pump-fed engines

high bulk density propellanta,

utilizing gych Propel’antg,
the case of dual fye] Systems,
reduced compareq to an al} Hy/

reduced ip Some cases; for example, switching from N‘ZO4 -
LOX—hydrocarbon for the Shuttle oMs could
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(Dk

1. TECHNOLOGY REQUIREMENT (TITLE): Low-cost Liquid PAGE 1 OF 3_
Booster Engines

2. TECHNOLOGY CATEGORY: _Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED: Provide the technology needed to

large thrust engines.

4. CURRENT STATE OF ART: Technology for low chamber pressure engines is
limited to low thrust, small diameter engines.

HAS BEEN CARRIED TO LEVEL 2

5. DESCRIPTION OF TECHNOLOGY

The technology needed includes development of techniques for the design of
large diameter, minimum weight nozzles, combustors and other components that
can withstand the water landing loads, the manufacture and fabrication of
these large assemblies, sealing the engine compartment prior to landing

to prevent water contamination, flushing, cleaning, and refurbishing the
system (particularly for pump-fed systems) should sealing the engine
compartment not be feasible. The use of high strength, low weight composite
or filament would combustion chambers and nozzles must be investigated. The
combustion stability characteristics of the system must be determined from
analytical models, and injector orifice elements and patterns must be
experimentally investigated to insure that combustion characteristics
compatible with the gas dynamics of very large diameter, low resonant
frequency combustors are produced.

P/L REQUIREMENTS BASED ON: [J PRE-A,0 A,00 B,0 ¢/D

6. RATIONALLE AND ANALYSIS:

a. Low-cost, low to moderate chamber pressure (200-1000Pc) engines
operating on inexpensive liquid propellants, could have a near term
application as a replacement for the solid rocket motors on the Space
Shuttle, thus reducing recurring propellant costs.

b. In the far term, low-cost, high thrust boosters would be used to augment
the thrust of large, heavy life vehicles and/or early versions of
single-stage-to-orbit vehicles.

c. Low-cost boosters represent a cost effective method of providing high
thrust for large launch vehicles.,

d. Syctems level testing using subsclae hardware is needed.

TO BE CARRIED TO LEVEL 35
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(1)k
—— |

S —

TECHNOLOGY REQUIREMENT(TITLE): Low-cost Liquid PAGE 2 OF 3

Booster Engines

-

{.

TECHNOLOGY OPTIONS:

None.

TECHNICAL PROBLEMS:

Difficult and costly to work with large size hardware. Results obtained
with subscale hardware may not apply to the full scale system. Problems
associated with components and systems such as low and high frequency
combustion instability, large, low pressure drop valves, large, light
weight components and propellant tanks and large flow rate pressurization
systems.

POTENTIAL ALTERNATIVES:

None.

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

The proposed advancement would not occur without NASA sponsorship. The
state-of-the-art described in icem 4 would not change.

EXPECTED UNPERTURBED LEVEL 5 _

11.

RELATED TECHNOLOGY REQUIREMENTS:

None.
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Booster Engines

1. TECHNOLOGY REQUIREMENT (TITLE): Low-cost Liquid

DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(l)ij

PAGE 5 OF 3

12. TECHNOLOGY REQUIREMENTS SCHEDULE;:
CALENDAR YEAR

SCHEDULE ITEM

75|76 77|78

79

80[81{82183184]35[86}87}88189{90]91

TECHNOLOGY
1. Materials Investment

2, Design & Fab. Tech.

3. Water Recovery & Refu
Techniques

4, Combustion Stability
Investigation

5.

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

T T
TECHNOLOGY NEED DATE X TOTAL
NUMBER OF LAUNCHES
N
14. REFERENCES:
15. LEVEL OF STATE OF ART 8. COMPONFNT OR BREADBOARD TESTED IN RELEVANT
. ENVIRONMENT IN THE LARORATCRY,
1. BASIC PHENOMENA OBSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMFNT,
2, T!IEOR\’ PFORMULATED TC DESCR!BFE. PIIENOMENA. 7. MODEL TESTED IN SPACE ENVIRONMENT.
3. THFEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPAMILITY DLR!VED FROM A MUCH LESSER
OR MATHEMATICAL MODEL. OPERATIONAL MODEL.
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERA T11NAL MODEL.
E.G., MATERIAL, COMPONENT, ETC, 10, LIFETIME EXTENSION OF AN OJ'LRATIONAL MODEL,
85
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(l)j
1. TECHNOLCGY REQUIREMENT (TITLE); _High Performance PAGE 1 OF _3_
. Cryogenic Insulation for Reusable Spacecraft

| 2. TECHNOLOGY CATEGORY: 14 Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Provide a high performance
insulation system for the propulsion system of a cryogenically fueled space-

craft that will maintain a consistent level of performance for a minumum of

4. CURRENT STATE OF ART: Single use purged multilayer insulation systems

are available.

HAS BEEN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOLOGY

Cryogenic fueled spacecraft that are expected to be subjected to a cyclic
environment of launch, space flight, and re-entry require that a high
performance insulation be developed that will provide reliable and
consistent performance throughout the spacecrafts lifetime.

P/L REQUIREMENTS BASED ON: [] PRE-A,[] A, B,[] ¢/D
{ 6. RATIONALE AND ANALYSIS:

Failure to produce the level of performance and reliability required will
result in increased mission costs and or loss of mission payload.

Perform sufficient component and model testing to assure adequate system
performance.

Eventual system flight testing will be performed as part of the cryogenic
supply and transfer experiment.

TO BE CARRIED TO LEVEL 5_
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1. TECHNOLOGY REQUIREMENT(TITLE): _ High Performance PAGE 2 OF
Cryogenic Insulation for Reusable Spacecraft

DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)k

3

7. TECHNOLOGY OPTIONS:

(1) Also existing single use system and replace after each flight, which
increases payload costs.

(2) Use existing single use system and accept performance degradationm,
which increases mission risks and increases costs.

8. TECHNICAL PROBLEMS:

Need adequate ground test facilities. Reduction in total spac+. program
has resulted in both contractor's and government facilities being closed.

Y. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

support will result in inability to fulfill this need.

Unperturbed Program - Technology will not advance without NASA resources.

RTOP 506-21-12 is directed to this need. However, loss of continued funding

EXPECTED UNPERTURBED LEVEL 4

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)1
=T ————
1. TECHNOLOGY REQUIREMENT (TITLE):_Bigh Performance PAGE 3 OF _3_
Cryogenic Insulation for Reusable Spacecraft
12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YLAR
SCHEDULE ITEM 75176 177178]79]80[81[82|83]|84]|35]|86|87188]89)90]91
TECHNOLOGY
1. Purge Evaluation S
2, Comparative System —p—
3. Total System Evaluation
4, Evaluation in Space
5.
APPLICATION
1. Design (Ph. ()
2, Devl/Fab (Ph. D)
3. Operations
4,
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE 4 TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:
"Outlook for Space"
1975 NASA OAST Summer Workshop
EPRODUCIBILITY OF Lt
GRIGNIAL PAGS 18 POOR
15. LEVEL OF STATE OF ART 8. COMPON"NT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATCORY,
1. BASIC PHENOMENA OBRSERVED AND RE PORTED. 8. MODFEL TEJSTED IN AIRCRAFT LANVIRONMENT,
2. THEORY FORMULATED TO DESCR!BE PUENOMENA. 7. MODEL TESTED IN SPACE ENVIRONMFNT.
3. THEORY TESITED BY PHYSICAL EXPERIMENT 8, NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODLL.
4. PERTIMENT FUNCTION OR CHARACTERISTIC DFE.MONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATERIAL, COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATIONAY, MODEL,
88




l DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(L)m

1. TECHNOLOGY REQUIREMENT (TITLE): Insulation for Reusable pAGE 1 OF _3_
Hydrogen Tanks for Advanced Boosters

2, TECHNOLOGY CATEGORY: 14 Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED: Provide light weight, low cost
insulation for reusable booster vehicle tankage.

‘ 4. CURRENT STATE OF ART: Insulations similar to that used on S-IV B stage

have been evaluated for re-use applications.

HAS BEEN CARRIED TO LEVEL _4

5. DESCRIPTION OF TECHNOLOGY

In support of the fully reusable 2-stage H-0 shuttle concept first advanced
in the early '70's, some technology work on internal insulation systems was
performed. Now fully reusable, single stage to orbit (SSTO), and heavy
lift launch vehicles are being advocated. The effort on insulation
improvement should focus on low weight, low cost, maximum resistance to
thermal cycling, and ease of repair.

; P/L REQUIREMENTS BASED ON: [J PRE-A,[J A, B,[0J C¢/D
' 6. RATIONALE AND ANALYSIS:

SSTO vehicles are both more weight sensitive and cost sensitive than the
2-stage concept. Therefore, the critical parameters for this technology are:
weight, cost, ruggedness, and ease of repair.

This effort should build on the technology base already established with
special attention given to new requirements. Full operational capabil’ty
should be demonstrated.

TO BE CARRIED TO LEVEL 8

89




DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(1)

1.
Hydrogen Tanks for Advanced Boosters

p—

TECHNOLOGY REQUIREMENT(TITLE): Insulation for Reusable _ PAGE 2 OF 3

7.

TECHNOLOGY OPTIONS:

8.

TECHNICAL PROBLEMS:

9.

POTENTIAL ALTERNATIVES:

Do nothing - suffer system performance losses and increased costs

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

No programs in NASA are currently directed at this problem

EXPECTED UNPERTURBED LEVEL 4_

11.

RELATED TECHNOLOGY REQUIREMENTS:
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g | DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)m
% {. TECHNOLOGY REQUIREMENT (TITLE): Insulation for PAGE 30F 3__
_Reugable Hydrogen lanks Used in Earth to Orbit Boosters

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
4 SCHEDULE ITEM 75176 |77]178]179|80]81|82]83]84}35|86]87]|88]89}90]91
£ TECHNOLOGY
1, Materials Evaluation
9, System Design ——
: 3, Ground Test Eval.
)
‘ 4,
5.
} APPLICATION
: 1. Design (Ph. C)
i 2. Devl/Fab (Ph. D)
§ 3. Operations
B
; 4,
i 1. USAGE SCHEDULE:
; TOTAL
! ) TECHNOLOGY NEED DATE
! NUMBER OF LAUNCHES
£ 14. REFERENCES:
"Outlook for Space” - Technology Category 1.2 in "Space Experiment
Opporturities to Support the Outlook for Space Technology Recommendations"
4
1
] 15, LEVEL OF STATE OF ART $. COMPONENT OR BREADBOARD TESTED IN RELEVANT
5 ENVIRONMENT IN THE LARORATORY,
é 1. BASIC PHENOMENA ORSERVED AND REPORTED. o. MODEL TESTED IN AIRCRA}T ENVIRONMENT,
3. THEORY FORMULATED TO DESCR!BE PIENOMENA, 1. MODEL TESTED IN SPACE ENVIRONMENT,
3. THEORY TESTED BY PHYSICAL EXPEIUMENT 8. NEW CAPAMILITY DLRIVED FROM A MUCH LESSER
OR MATIEMATICAL MODEL, OPERATIONAL MODEL.
’ 4. PERTIMENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIAMLITY UPGRADING OF AN OPERATIONAL MODEL.
E.G., MATERIAL, CONPONENT, ETC. 10. LIFETIME EXTENSION OF AN OF'LRATION.A, MODEL,
5 91
1
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)p

PAGE 1OF 4__

1. TECHNOLOGY REQUIREMENT (TITLE): Composite Engines
) Technology
2. TECHNOLOGY CATEGORY: __Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Composite (Rocket/Air Breathing
Engines Technology for advanced HTOHL Shuttle-type vehicles.

4. CURRENT STATE OF ART: Ramjets of small size suitable for tactical

missles have been developed; studies of composite engines have been done and
subscale ejector ramjets tested by Marquardt. HAS BEEN CARRIED TO LEVEL 3

5. DESCRIPTION OF TECHNOLOGY

Future horizontal takeoff-horizontal landing (HTOHL) shuttle-type vehicles
require composite engines that operate as rockets for high thrust at take
off and switch to air breathing engines (ramjet, scramjet, etc.) to obtain
high specific impulse at higher altitudes. Considerable study effort is
needed to investigate the various types of engine combinations, to
investigate the vehicle concepts, and integration of the two. After
selection of the engine type, technology work will be needed on engine
components, engine performance modeling, subscale cold flow, and hot firing
tests of a subscale or modular section of the engine.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,[0 B,0J ¢/D
© 6. RATIONALE AND ANALYSIS:

(a) Critical parameters are dependent upon engine type and thrust level
selected as well as vehicle design constraints. Engine desgin must be
closely integrated with the vehicle design to insure satisfactory air
ingestion for the range of Mach numbers and vehicle incidence angles.

(b) Application is to the first stage of a two-stage-to-orbit fully reusable
shuttle type HTCHAL vehicle for transporting payloads from earth to low
earth orbit.

(c) See page 4.

TO BE CARRIED TO LEVEL 35




b J

TECHNOLOGY REQUIREMENT(TITLE): Composite Engines PAGE 2 OF _4
Technology

DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A- (1)4

TECHNOLOGY OPTIONS:

Many options in the realm of composite engine design, including (for example)
ducted rocket, ejector ramjet, scramjet, air turborcket, LACE Cycles, and
many others, Most of the concepts beyond the simplest ducted or air

augmented rocket involve secondary combustion or large scale turbomachinery
or both,

TECHNICAL PROBLEMS:

The technical problems are dependent upon the engine concept selected, but
include, for example, engine cooling, afterburmer design, and variable area
inlet control.

Y.

POTENTIAL ALTERNATIVES:

Alternative approaches to the HTOHL concept are all rocket vehicles of one
or two-stage-to-orbit design which generally have higher gross lift-off
weight, higher propellant consumption, and higher launch cost per pound of
payload.

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Unperturbed program - technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL _3

11.

RELATED TECHNOLOGY REQUIREMENTS:

PP
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(l)d
[ == = —————
|. TECHNOLOGY REQUIREMENT (TITLE): Composite Engines __ PAGE 3 OF K
Technology
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75|76 )77]78]79180|81|82]|83}84]{35]86]87]88]89]90]91
TECHNOLOGY
1. Vehicle/Propulsion i
System Analyses
2. Engine System Studies
3. Design/Fabrication
4, Component Test
5, Subscale Engine Test
APPLICATION
1. Design (Ph. C)
2. Devl/Fab (Ph, D)
3. Operations
4.
13. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE A TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:;
15, LEVEL OF STATE OF ART 5. COMPONFNT OR BREADSOARD TESTLD IN RELEVANT
ENVINONMENT IN THE LARORATORY,
1. BASIC PHENOMENA ORSERVED AND REPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMUNT,
3. TREORY MORMULATED TO DES.R!BE PHENOMENA, 7, MODEL TESTED IN SPACE ENVIROXMENT,
3. THEORY TESTED BY PRVSICAL EXPERIMENT 8. NEW CAPANLITY DZRIVED FROM A MUCH LESSER
OR MATIEMATICAL MODEL, OPERATIONAL MODEL.
4. PERTIMENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIAMULITY UPGRADING OF AN OPERATIONAL MODEL.
L E.G., MATERIAL, COMPONENT, ETC, 10, LIFETINE LXTENSION OF AN OFLRATIONAL MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(1)p

1. TECHNOLOGY REQUIREMENT (TITLE): Composite Engines PACE 4 OF & _
Technolqu

6. (c) The HTOHL two-stage fully reusable shuttle vehicle offers advantag.3 over
other vehicle concepts in that it has very low recurring launch ccst and
low gross lift-off weight (GLOW) for a given paylonad capability. Tha
HTOHL approach using composite engines in the first stage has been
predicted to have launch costs of about $20/1b. for a 60,000 pound payload
class vehicle.

(d) Vehicle/propulsion system analyses, engine concept selection, engine
preliminary design, component development, engine system modeling, and
subscale engine testing are needed to bring the technology to maturity.
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DETINITION OF TECHNOLOGY REQUIREMENT

. TECHNOLOGY REQUIREMENT (TITLE): Low-Cost Solid Rocket =~ PAGE 1 OF _3_

Booster Motor

[

e

. TECHNOILOGY CATEGORY: Propulsicn

UBJECTIVE/ADVANCEMENT REQUIRED;_Crovide technology which will

decrease the cost of future solid rocket booster motors by 502.

n—

. CURRENT STATE OF ART: _The current cost of large solid rocket motors is

$1.00-3.00 per kilogram,

HAS BEEN CARRIED TO LEVEL 1

DESC RIPTION OF TECHNOLOGY

The cost of a solid rocket motor is made up of many elements which can be
changed in order to minimize the cost. There are three that have been
identified: filament wound chambers, lower cost nozzle materials, and lower
cost insulation. “hese will not be selected for development until they have
been demonstrated for Shuttle SRM use. Others are: propellant binder, and
other ingredients to decrease propellant costs, testing, quality control,
and documentation as well as manufacturing methods and refurbishment. More
specifically as examples: Tech-Roll-Seal TVC in place of lockseal.
Inspectior. of case segments after recovery for refurbishment. Insulation
type and techuique of appiication during refurbishment. Hydroxy terminated

polybutadiene propellant binder instead of PBAA. Carbon/carbon nozzle
components.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,(O0 B,00 ¢/D

6.

RATIONALF AND ANAILYSIS:

a. Substantial amounts can be saved considering the large traffic planned
for Shuttle flights; the three areas selected for technology
advancement have been completed except for demonstrating against SRB
requirements.

b. Motors using this technology would be used for missions from earth to
low earth orbit. M1

c¢c. The actual cost decrease is not known, but would be determined in the
first phase of the effort,

d. Each of these technology items must be demonstrated so that the risk

is minimal to the project by a test program to demonstrate cost and
performance,

TO BE CARRIED TO LEVEL 5_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(Z)J

1. TECHNOLOGY REQUIREMENT(TITLE): _ Low-Cogt Solid Rocket PAGE 2 OF 3

Booster Motor

7. TECHNOLOGY OPTIONS:

This program would consider the value of making changes to the way SRB's are
designed, manufactured, tested, inspected, documented, and refurbished.
Where there is a lack of technology or risk needs to be reduced,

demonstrations would be made.

8. TECHNICAL PROBLEMS:

Y. POTENTIAL ALTERNATIVES:

Use current high cost techniques or develop low-cost liquid systems.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Shuttle SRB development has not planuned for this technology requirement.
Technology will not advance without N&S resources.,

EXPECTED UNPERTURBED LEVEL _1_

11. RELATED TECHNOLOGY REQUIREMENTS:

For minimum cost these low cost technologies should be part of the second
buy of SRB's.
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ﬁ-_-_ DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(?-d 5
= H
1. TECHNOLOGY REQUIREMENT (TITLE): Low-Cost Solid Rocket PAGE 3 OF 3.
Booster Motor §
12. TECHNOLOGY REQUIREMENTS SCHEDULE: "
CALENDAR YEAR %
SCHEDULE ITEI\_{ 7517617778179 80]81 82(83)84135]86}87]38]89]90]91 x,
TFECHNOLOGY
1. Study .
2, Design } '
!
3. Test A :
1.
5. ;
APPLICATION
1. Design (Ph, C) A :
2. Devl/Fab (Ph. D) A
3. Operations A
a.
W
135, USAGE SCHEDULE: :
) ]
TECHNOILOGY NEED DATF. | TOTAL .
NUMBER OF LAUNCHES
14. REFERENCES:
15. LEVEL OF STATE OF ART 8. COMPONENT OR AREADBOARD TESTED IN RELEVANT
ENVIAONMENT IN THE LARORATCRY, .
1. BASIC PHENOMENA OBSERVLD AND REPORTED. 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2. THEORY FORMULATFD TO DESC RIBE PHFNOMNA, 7. MODEL TESTED (N SPACE ENVIRONMENT.
3. THEORY TESIED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODLI,, OPERATIONAL MODEL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING JF AN OPERATIONAL MODEL, o
E.G., MATERIAL, CONMPONENT, ET0, 10, LIFETIME EXTENSION OF AN OI'LRATIONAY, MODEL,

——
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! DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-a-(2)

1. TECHNOLOGY REQUIREMENT (TITLE): _High Performance Solid paGE 1 OF _3_
' Kick Motors

2, TECHNOLOGY CATEGORY: _Propulsion

| 3. OBJECTIVE/ADVANCEMENT REQUIRED:__To Provide technology demonstration
: for high performance upper stages such as kick motors.

4. CURRENT STATE OF ART: _NASA solid upper stage motors currently in use

were developed in the early 1960's, and technology has advanced, but has not
been completely demonstrated. HAS BEEN CARRIED TO LEVEL 3

B e N o

DESCRIPTION OF TECHNOLOGY

(]

The motors now being used by NASA upper stages for maneuvers such as kick in-
the-apogee were developed during early 1960's. New technology is available,
which can be applied to improve the specific impulse, mass fractiom, cost
and interface requirements. Mass fraction can reasonably be expected to
increase from 0.92 to 0.95 and specific impulse from 280 to 300 sec.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,00 B, ¢/D

6. RATIONALFE AND ANALYSIS:

a. For high energy planetary missions the current state-of-the-art requires
full booster capability and limits the payload that escapes earth; a
kick motor is needed with about 2000 kg. of propellant to provide the
full Shuttle/IUS capability for high energy missions as well as large
payloads to geosynchronous orbit.

b. These motors find application in transport from low earth orbit to
geosynchronous orbit and interplanetary injection; A 3 and 4.

c. Some payloads for high energy missions cannot be delivered without a
new kick stage motor.

d. The technology should be statically demonstrated in flight design
hardware.

TO BE CARRIED TO LEVEL 35
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-A-(2)b

1.
Kick Motors

TECHNOLOGY REQUIREMENT(TITLE): High Performance Solid PAGE 2 OF 3

=|

7.

TECHNOLOGY OPTIONS:

The IUS or Tug payload capability would be markedly improved by developing
a 2000 to 10,000 kg motor and by taking advantage of higher performing
insulation and case materials, propellants, and control techniques. A stop-
restart mo.or can provide up to 50% more payload in orbit than a single-burn
motor. A thrust vector control system needs to be selected from the several
moveable nozzle options such as Tech-Roll-Seal, Lockseal, or Thiovec.

8.

TECHNICAL PROBLEMS:

Y.

POTENTIAL ALTERNATIVES:

Liquid kick stages or use technology without benefit of demonstrations.

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
Portions of Prog. 1 (see schedule) are supported by RP, RTOP 506-21-32.
Program 2 (see schedule) has no planned support.

DOD programs; however, are class 7 propellants which are currently not allowed
on the shuttle vehicle; thus, NASA requires a new high performance class 2
propellant.

Technology will not advance without NASA resources.

EXPECTEDUNPERTURBEDIEVEL_i

11.

RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-A-(2)b

————

1. TECHNOLOGY REQUIREMENT (TITLE): High Performance Solid PAGE 3 OF 3 _
Kick Motors

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 76177178179]80[81]82]83]84]35|86}87]8%}89]90]91

-2
[}

TECHNOLOGY programl

1. Design ___L
o, Fabrication

3, Testing

4, Demonstration

5.

TECHNOLOGY Program2
1. Design

2. pemonstration

13. USAGE SCHEDULE:

T
TECHNOLOGY NEFEED DATE X X TOTAL

NUMBER OF LAUNCHES PROGRAM| 1 | PROG 2

14, REFERENCES:

"Which Way to Shuttle Upper Stages?", A.O0. Tischler, p.26-37, AIAA, A and A,
Volume 13, No. 7, July/Aug., 1975.

15. LEVEL OF STATE OF ART . COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

1. PASIC PHENOMENA ORSERVED AND REDPORTED. 8. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

2, THEORY FORMULATED TO DESCR!BE Pt NOMENA., 7. MODEL TESTLD IN SPACE ENVIRONMENT,

3. THFORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARILITY DiLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODEL,

4. PERTINLNT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERA T1ONAL MODEL,
E.G., MATERIAL, CONPOMENT, ETC, 10. LIFETIME EXTENSION OF AN OPLRATION \!, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. .__I’A'(z)j

1. TECHNOLOGY REQUIREMENT (TITLE): _High Performance Space paGE 1 OF _3_
X Solid Motors

2. TECHNOLOGY CATEGORY: __Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED;_Provide technology for solid
propellant motors of high performance which can withstand the sterilization

environment.

1. CURRENT STATE OF ART; _ Motor sizes up to 75 kg and mass fractions of

0.85 km have been achieved. Large sizes have not been demonstrated.
HAS BEEN CARRIED TO LEVEL _1

5. DESCRIPTION OF TECHNOLOGY

Technology for motor sizes up to 300 kg and performance of 0.9 mass
fraction will be developed to effectively provide propulsion for sample
return from the planets.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,[0J B,0 c/D
6. RATIONALE AND ANALYSIS:

a. There is a large payoff in increased sample size return if the
performance of the propulsion system is increased.

b. Extraterrestrial landing and take-off (in particular Mars sample
return); M5

c. These missions operate at very large ratios of sample returned to
mass landed, i.e., a 50 gram sample for a 3000 kg spacecraft launch,

d. Demonstration by static test in flight prototype hardware.

TO BE CARRIED TO LEVEL 35_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.I-A-(2)c

TECHNOLOGY REQUIREMENT(TITLE): _ High Performance Space PAGE 2 OF 3_

Solid Motors

TECHNOLOGY OPTIONS:

Conduct a demonstration program after increasing the performance and
stability of the propellant system by increasing the solids loading
from 81% to 852 to obtain an increase from 280 to 290 sec. The design
of the motor is to capitalize on grain stress relief techniques. To
complete the demonstration the motor needs to be designed, fabricated,
subjected to thermal sterilization cycles and static tested.

TECHNICAL PROBLEMS:
Obtain thermally stable propellant and insulation systems in 300 kg sizes.

9.

POTENTIAL ALTERNATIVES:

Use lower performing system: Ig of 250 sec. and mass fraction of 0.75.

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Currently being investigated by JPL with support from RP.
RTOP 506-21-32. Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 2_

11.

RELATED TECHNOLOGY REQUIREMENTS:

None.

103

R TIPS RS S

PRRY



L

-

1. TECHNOLOGY REQUIREMENT (TITLE): _High Performance Space

DEFINITION OF TECHNOLOGY REQUIREMENT

NO, I-A-(2)c

Solid Motors

PAGE 3 OF _3

12

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

76

77

78

79

80

81

82

83]84]35]86|87]188189/90

91

TECHNOLOGY
1. Propellant

2, Design
3. Fabricate

4, Dem~nstration Firing

5.

APPLICATION

1. Design (Ph. C)
2, Devl/Fab (Ph. D)
3. Operations

4.

1. USAGE SCHEDULE:

TECHNOLOGY NEED DATL.

1

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:;

15,

LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND RFPORTED,
2. THEORY FORMULATED TO DESCR!BF. PIiIFNOMENA,

3. THEORY THSTED BY PHYSICAL EXPERIMENT 8. NEW CAPAILITY DLRIVED FROM A MUCH LESSER
OR MATIHEMATICAL MODEL,, OPERATIONAL MODEL,

4. PERTINLNT FUNCTION OR CHARACTERISTIC DEMONSTRATED, #. RELIABRILITY UPGRADING OF AN OPERATIONAL MODLL,
F.G., MATERLAL, CONPONENT, ETC. 10, LIFETIME LXTENSION OF AN OFLRATIONAT MODLL,

REPRODUCIBILITY OF THE

ORIGINAL PAGE

I8 POOR

COMPONENT OR AREADBOARD TELSTED IN RELEVANT

ENVIRONMENT IN Tt LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED N SPACE ENVIRONMENT,

104
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DEFINITION OF TECHNOLOGY REQUIREMENT NOo, __I-B

1. TECHNOLOGY REQUIREMENT (TITLE): _Metastable States of ~ PAGE 1 OF _3_
Matter

2. TECHNOLOGY CATEGORY: Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED;_Determine feasibility of utilizing
metastable matter for propulsion and undertake an advanced hardware

development program to demonstrate technology readiness.
4. CURRENT STATE OF ART: The metastable states of matter are currently
under analysis and laboratory investigation.
HAS BEEN CARRIED TO LEVEL 2

-~

5. DESCRIPTION OF TECHNOLOGY

Currently the metastable states of matter under analytical
and experimental investigation are metallic hydrogen,

excited helium and mixtures of atomic and molecular hydrogen.
The technology is in the conceptual or very early stages of
experimental investigation. It is many years away from
technology readiness, which is anticipated to be beyond thr
end of the century.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,0 B,[J ¢/D

-]

RATIONALYE AND ANALYSIS:
a) High-energy missions are very sensitive to specific impulse and there-

fore any improvement in that parameter has the potential of improving
the mission.

b) This falls under the category of opportunity driven missions.
c¢) The payload will increase, to a zeorth order, directly as the log
increase of Isp, therefore payloads will increase by orders of magnitude

if system mass does not increase over current systems.

d) Too early to know.

TO BE CARRIED TO LEVEL &
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-B

zﬁ

1. TECHNOLOGY REQUIREMENT(TITLE): _Metastable States of PAGE 2 OF _3
Matter

7. TECHNOLOGY OPTIONS:

None.

8. TECHNICAL PROBLEMS:

Storage of matter in the metastable states at reasonable system mass; energy
release at the proper point in the system; production of metallic hydrogen.

Y. POTENTIAL ALTERNATIVES:

H2/02 , F2/N2H4 propellants (stable chemcials)

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

New Horizons Program at JPL.

Without NASA resources, the tecnnology will not advance.

EXPECTED UNPERTURBED LEVEL 2

11. RELATED TECHNOLOGY REQUIREMENTS:

None.
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PAGE 3 OF _3

1. TECHNOLOGY REQUIREMENT (TITLE):; Metastable States
of Matter

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

75176 177]78179]|80]81

82

83]8-4[35]86]87]88]89]90]91

5.

TECHNOLOGY
1. Analysis and lab worl§

9, Evaluate Properties

3, System Studies

4 Critical Hardware
Evaluation

4.

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations

13,

USAGE SCHEDULE:

TECHNOLOGY NFED DATL

—
TOTAL

NUMBER OF LAUNCHES

14.

15,

REFERENCES:

3 o=
. .

LEVEL OF STATE OF ART

BASIC PHENOMENA ORSERVED AND RF PORTLD,

THEORY FORMULATED TO DESCRIBE Pl NOMENA,

THEORY Tk STED BY PPYSICAL EXPERIMENT
OR MATHEMATICAL MODE L.,

PERTINENT FUNCTION OR CHARAC TERISTIC DEMONSTRATED,
E.G., MATEWIAL, COMNPONENT, ETC,

. NEW CAPARILITY D RIVED FROM A MUCH LESSER

. LIFETIME LXTENSION OF AN OFLRATION AL MODE L.,

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN TiHE LABORATORY.

MODEL TESTLD IN AIRCRAFT E NVIRONMENT,

MODEL TESTLD IN SPACF ENVIRONMENT.

OPERATIONAL MODEL.
RELIARILITY UPGRADING OF AN DPERA T1HNAL MODLL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-C

_—————%

1. TECHNOLOGY REQUIREMENT (TITLE); _Utilization of PAGE 1 OF 3 _
Indigenous Materials for Propulsion

2. TECHNOLOGY CATEGORY: Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED;_ Develop the technology for using the
mass of extra-terrestrial surface material, planctary atmosphere and waste
for propulsion.

4. CURRENT STATE OF ART: _To date only mass taken from earth has been used

by the NASA. It has been demonstrated that solid waste can be burned in

a hybrid rocket. HAS BEEN CARRIED TO LEVEL _

DESCRIPTION OF TECHNOLOGY

Matter can be found in many forms and places where man will explore the
solar system, and this material could be used for prepellant mass; however;
the form i{s usually not the same as found on earth.

New technology will be developed to convert indigenous mass to useful form,
and to release energy when combined with stored constituents.

P/L REQUIREMENTS BASED ON: [ PRE-A,[J A,[J B,[J ¢/D

RATIONALFE AND ANAIL, YSIS:

a. New schemes need to be devised, concepts compared, tested, and
technology developed.

b. These efforts are opportunity driven.

c. Currently all propellant mass must be brought from the earth with 70
to several thousand times that mass being expended to get the propellant
mass into space. Thus the use of indigenous materials for propulsion can
greatly reduce transportion system mass and cost for missions to distant
planets and their satellites.

d. Concepts tor reacting indigenous materials with stored reactants must be
identified and their characteristics evaluated in order to determine if
systems development is warranted.

TO BE CARRIED TO LEVEL 5
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, I-C

1. TECHNOLOGY REQUIREMENT(TITLE): Utilization of Indigenous PAGE 2 OF 3_

Materials for Propulsion

=

7. TECHNOLOGY OPTIONS:

The only optiin for not using indigenous mass is to carry the mass from earth.

Within the indigenous materials there is a variety of optioas which are
unknown at this time. The atmosphere of Venus is mostly CO_, which could be
reacted to form metal oxides plus heat, or just collected, ﬂeated, and
expelled at higher velocity. Use of waste mass in a hybrid rocket for

auxiliary propulsion has been demonstrated to be a technique which could
be used on manned operations.

8. TECHNICAL PROBLEMS:

Energy, mass, and cost of using these systems when material has to be
gathered.

Y. POTENTIAL ALTERNATIVES:

Carry along mass from earth.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

New Horizons in Propulsion Program in RP
Technology will not advance without HASA resources.

EXPECTED UNPERTURRED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Studies which will define specific missions and approaches.
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO, I-C

=

Indigenous Materials for Propulsion

1. TECHNOLOGY REQUIREMENT (TITLE): Utilization of

PAGE 3 OF 3

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDUL.E ITEM 75176 177178179]30]|81]82]83}84]|35]86]87]88]|89]|90}91
TECHNOLOGY
L. Study e el e e e e
2, Selection of Approaclies - -
3. Laboratory Experimenﬁs L ____4 R s et

4.

1. Design (Ph. C)
2. Devl/Fab (Ph, D)

3. Operations

4, Breadboard Systems ! i PR GO PR S
50
APPLICATION

13.

USAGE SCHEDULE:

TECHNOI.OGY NEED DA "

1
TOTAL

NUM

BER OF LAUNCHES

14.

15.

1.
2,

REFERENCES:

LEVEL OF STATE OF ART

THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHFMATICAL MODEL,

E.G., MATENRIAL, COMPONENT, ETC.

RASIC PHENOMENA ORSFRVED AND REPORTED,
THEORY FORMULATED TO DESCR!BE PHENOMENA.

oR

PERTINI NT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9.

. Lelit
L“)L’L\p\a—
JQINAL

vy OF THE
iy OF 1
pach B POO

. COMPONFNT OR BREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY.

. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
. MODEL TESTED iN SPACE ENVIRONMENT.
. NEW CAPABILITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL.

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.
. LIFETIME EXTENSION OF AN OI'LRATIONAL MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. I-D

1. TECHNOLOGY REQUIREMENT (TITLE): _Detonation Propulsion PAGE 1 OF _3_

2. TECHNOLOGY CATEGORY: __ Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED: Provide prototype of mechanization
of a detonation propulsion system which can be used in dense atmospheres.

4. CURRENT STATE OF ART: _ Feasibility has been shown for single pulses

in laboratory apparatus.

HAS BEEN CARRIED TO LEVEL 3

DESCRIPTION OF TECHNOLOGY

[

It has been bound that a small charge can be detcnated in an expanding
nozzle and provide an impulse hwich to the first order is independent of
atmosphere around the propulsion system.

The technology program consists of providing stable high energy detonable
propellants which can be stored, transfered and ignited in the reactor;
technology development of chamber refilling techniques, and transfer of the
pulsed energy into the payload. Nozzle optimum design, prototype system
design, and prototype system demonstration would complete the technology
program.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,[0 B,00J ¢/D

6. RATIONALE AND ANALYSIS:

a. The results of estimates of current technology indicates that specific
impulses of 50 to 150 sec. could be expected in dense, high-pressure
(100-1000 bars) atmospheres while detonation propulsion should permit
greater than 200 sec.

b. Extraterrestrial landing take-off and on orbit operations; M-~1 and 5.

¢c. Should be able to decrease propellant mass by factor of 2.

d. Demonstration of a prototype unit in the laboratory.

TO BE CARRIED TO LEVEL 35_
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DEFINITION OF TECHNOLOGY REQUIREMENT NOo, I-D

1. TECHNOLOGY REQUIREMENT(TITLE): _Detonation Propulsion  paGp 2 0F 3

7. TECHNOLOGY OPTIONS:

The range of specific impulses varies from 200 to 300 sec. but depends

on obtaining a propellant which can be packaged efficiently and initiated.
The number of pulses varies from several hundred to a hundred thousand; the
size of the change 1s one to twenty-five grams,

8. TECHNICAL PROBLEMS:

Obtain multiple pulse operation; transfer of pulse thrust into payload.
Nozzle refilling between pulses. System to initiate propellant detonation;
condidate approaches for ignition are: laser, shock wave, detonation wave,
acoustic, resistance heating, broad spectrum heating.

Y. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Currently being investigated at JPL under RP support. RTOP 506-21-32.
Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 3_
11. RELATED TECHNOLOGY REQUIREMENTS:

112
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

I-D
= =

1. TECHNOLOGY REQUIREMENT (TITLE): Detonation Propulsion PAGE 3 OF 3 _

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

3.
4, Test
5!

SCHEDULE ITEM 76 |77 78]79]80|51]82(83]|84|35]|86}87]88|89}90]91
TECHNOLOGY
1, Laboratory L — =t~
2, Design —_
Fabrication S

APPLICATION
1. Design (Ph. ()

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATI.

T
TOTAL

NUMBER OF LLAUNCHES

14. REFERENCES:

OR MATHEMATICAL MODEL,,

15. LEVEL OF STATE OF ART

1. RASIC PHENOMENA ORSERVED AND REPORTED.
2, THEORY FORMULATED TO DESCR!BE I'IENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

4. PERTINENT FUNCTION OR CHARACTERISTIC DFMONSTRATED,
E.G., MATERL\L, COMPONENT, ETC,

. NEW CAPAMLITY DLRIVED FROM A MUCH LESSER

. LIFETIME EXTENSION OF AN OPLRATION.A!. MODEL,

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TEST :D IN SPACE ENVIRONMENT,

OPERATIONAL MODEL,
RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
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DEFINITION OF TECHNOLUGY REQUIREMENT KoA-1(a)-1

TECHNOLOGY REQUIREMENT (TITLE): _Nuclear Electric PAGE 1 OF __3
Propulsion Powerplant

24

-

3.

TECHNOLOGY CATEGORY: _Propulsion

OBJECTIVE/ADVANCEMENT REQUIRED: Demonstrate, in a complete ground
prototype test, a fast-spectrum, light weight, low cost, multi-hundred kWe

technology for a space nuclear electric power subsystem for primary electric

Bfﬁ{&%§}§%§rAqqg()p ART. Thermionic fuel elements for an in-core thermionic

reactor were carried to EM design. Subsystem conceptual design was

essentially completed in 1973. HAS BEEN CARRIED TO LEVEL 3

DESCRIPTION OF TECHNOLOGY

The system to be designed and demonstrated is A-3-Mwt (or larger) heat pipe-
cooled, fast reactor, operating at 1600K, utilizes Brayton, Sterling,
Rankin, or thermionic power conversion. The prime contender presently is
out-of-core thermionic power converters, at 157 to 25% conversion
efficiency, to generate electrical power. Heat rejection, at 850°K, is via
NaK coolant and heat pipe radiator structures. A large shadow shield (a
metal hydride) is imposed between the reactor (with its assoicated power
conversion) and the rest of the spacecraft neutron shielding. It-is
expected that the major part of the gamma shielding will be provided by the
on-board propellant. Specific mass of the power subsystem is presently
estimated at less than 20kg/kWe, designed for 30,000 hours of full power
operation and a total lifetime of at least 90,000 hours.

P/L REQUIREMENTS BASED ON: PRE-A,[J A,Q B,[J ¢/

6.

RATIONALE AND ANALYSIS:

a, High energy planetary exploration at Jupiter, Saturn and the other
planets 1is expected to start by the early 1990's. NEP will provide a
low-cost, multi-payload, multi-mission spacecraft capability via the
planned technology. In particular, lower specific mass, long life, and
lower cost are accomplished by out-of-core power conversion at the
specified temperatures.

b. Mission needs are interplanetary transport and on-orhit operation
requirements of outer planet orbiters, satellite landers. and surface
sample return missions. In addition, these subsystemgs 1iv= required

for large payload transport from LEO to geosynchroncus orbit or escape
velocity.

c. NEP at Jupiter will provide approximately a factor of 3 larger payloads
(on direct flight from a single STS launch) than a 3-stage chemical
propulsion system from a dual STS launch via Venus swingby. This
extra payload provides multiple orbiter/lander systems for the Jovian
satellites and also enables a sample return flight to earth orbit, all

with a single NEP system. Recurring cost for this NEP mission may also
be lower than for the limited chemical system.

(Cont'd) TO BE CARRIED TO LEVEL 3
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DEFINITION OF TECHNOLOGY REQUIREMENT }I‘B'.‘"l €950 uny

_———ee—————————————ee—eee——see e ]
1. TECHNOLOGY REQUIREMENT (TITLE): Nuclear Electric __ __ PAGE 4 OF 2_

Propulsion Powerplant

(Continued)

6d. A ground prototype test is required, although it may also be desirable to
have a short powered flight system test in space.
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DEFINITION OF TECHNOLOGY REQUIREMENT fGA-1(a)-1

|
1. TECHNOLOGY REQUIREMENT(TITLE): _Nuclear Electric PAGE 2 OF 3_
Propulsion Powerplant
7. TECHNOLOGY OPTIONS:

Because of highly favorable payload/flight time tradeoff capability unique
to NEP, this system is relatively insensitive to launch window and payload
increases. Power available for mjssion equipment is virtually unlimited.

System is expected to have 207 redundancy to cover power degradation over

specified lifetime.

8. TECHNICAL PROBLEMS:
a. Heat pipe cooled reactor h. Cabling and power processing
b. Long life thermionic converter i. Spacecraft integradation
c. HaK coolant manifolds j. Ground test facilities
d. Heat pipe radiator structures
e. High temp. hydride neutron shield
f. High temp. cermet insulators
g. Sputter resistant coatings
Y. POTENTIAL ALTERNATIVES:
In-core thermionic reactor development, although a heavier and more costly
technology, cculd also provide a major improvement over chemical systems.
10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
Without special effort by NASA, this advancement would not occur.
EXPECTED UNPERTURBED LEVEL _1
11. RELATED TECHNOLOGY REQUIREMENTS:

This technology also requires the availability of a high power thrust
subsystem technology to accomplish the stated missions. Other technologies
are implied above in "Technical Problems" (item 8).

RFPRODUCIBILITY OF THE
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TI-A-1(a)y-1
DEFINITION OF TECHNOLOGY REQUIREMENT NO,
= — - |
. TLCHNOLOGY REQUIREMENT (TITLE): Nuclear Electric ~ PAGE 3 OF 2
Propulsion Powerplant
12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDUL.E ITEM 75176 177]178|79]80(81]82]|83]|84]135]|86]87]|88]|89]90]91
TECHNOLOGY
1. Analysis/Design
2, Fabrication
3. Test
4. Documentation
5.
APPLICATION
1. Design (Ph, C) —
2. Devl/Fab (Ph, D)
3. Operations
4,
13, USAGE SCHEDULE:
T
TECHNCL.OGY NEED DATI. X TOTAL
NUMBER OF LLAUNCHES ] 2
11. REFERENCES:;
15. LEVEL OF STATE OF ART 8. COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY,
1. BASIC PHENOMENA ORSFRVED AND RFPORTED., 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.
2, THEORY FORMULATED TO DESCRIBF PUHFNOMENA, 7. MODEL TESTLD IN SPACF ENVIRONMENT,
3, TAHFORY TESIFD BY PIYSICAL EXPERIMENT 8. NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODELL, OPERATIONAL MODLL,
4. PERTININT FUNCTION OR CHARACTERISTIC DFMONSTRATED, 9, RELIARILITY UPGRADING OF AN OPERATIVNAL MODEL.
E.G.. MATERLAL, CONMPOMENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATION \1, MOD} L.,
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DEFINITION OF TECHNOLOGY REQUIREMENT T3-(D 6)-7]

1. TSCHNOLOGY REQUIREMENT (TITLE): High Power PAGE 1 OF _3_
Electggg}atic Thrust Subsystem

2. TECHNOLOGY CATEGORY: Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED;Demonstrate, in a complete ground
prototype test, the technology for a multi-hundred kWe electrostatic thrust

subsystem and its associated propellant storage and distribution subsystem for

primary nuclear powered EIécE?IE‘YTBFﬁtﬂlon.
4. CURRENT STKTE OF ART: Similar subsystems are currently under prototype

development for solar electric propulsion at a power level of 5-30. kWe,
scheduled for completion approx. 1980. HAS BEEN CARRTED TO LEVEL 4

5. DESCRIPTION O TECHNOLOGY

Design and demonstrate a 400 kWe power processor and a 300-mm ion pombard-
ment, 3 axis control thrust array, with switching and logic

for operation at an exhaust velocity up to 100 km/s. Heat pipe cooling

of the array mounting platform will maintain temperature below 500K to
assure active control of propellant flow. Specific mass of the thrust
subsystem is presently estimated at less than 4 kg/kWe, designed
30,000 hours of full power operation and a total lifetime of at least

90,000 hours.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A, B,[J ¢/D

6. RBATIONALFE AND ANAILYSIS:

a. High energy planetary exploration at Jupiter, Saturn and the other auter
planets is expected to start by the early 1990's. NEP will provide a
low-cost, multi-payload, multi-mission spacecraft capability via the
planned technology. In particular, lower specific mass, along life,
and lower cost are accomplished by out-of-core power conversion at the
specified temperatures.

b. Mission needs are interplanetary transport and on-orbit operation
requirements of outer planet orbiters, satellite landers, and surface
sample return missions. In addition, these subsystems are required

for large payload transport from LEQ to geosynchronous orbit or escape
velocity.

c. NEP at Jupiter will provide approximately a factor of 3 larger payloads
(on direct flight from a single STS launch) than a 3-stage chemical
propulsion system from a dual STS launch via Venus swingby. This extra
payload provides multiple orbiter/lander systems for the Jovian
satellites and also enables a sample return flight to earth orbit, all
with a single NEP system. Recurring cost for this NEP mission may also
be lower than for the limited chemical systenm.

d. A ground prototype gegt is requitede although it may also be desirable to

have a short powered fli,nt system test in %Cﬁs CARRIED TO LEVEL ?
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DEFINITION OF TECHNOLOGY REQUIREMENT IIg4- (1) (b)-2

——

1.

TECHNOLOGY REQUIREMENT(TITLE): __High Power

PAGE : OF 3_

Electrostatic Thrust Subsyster

7. TECHNOLOGY OPTIONS:
Because of highly favorable payload/flight time tradeoff capability unique
to NEP, this system is relatively insensitive to launch window and payload
increases. Power available for mission equipment is virtually unlimited.
Subsystem is expected to have 20% redundancy to cover performance
degradation over specified lifetime.

8. TECHNICAL PROBLEMS:
a. Heat pipe cooling of structure
b. Propellant tankage to provide full gamma shielding
c. Interaction of exhaust with spacecraft structures and surfaces
d. Spacecraft integration
e. Ground test facil'ties

Y., POTENTIAL ALTERNATIVES:

None

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Without special effort by NASA, this advancement would not occur.

EXPECTED UNPERTURBED LEVEL _3

11.

RELATED TECHNOLOGY REQUIREMENTS:

This technology requires the availability of a nuclear power subsystem
technology to accomplish the stated missions. It also requires further
development of guidance and navigation technology for large, constant
power, low thrust missions.
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DEFINITION OF TECHNOLOGY REQUIREMENT

Iﬁ-&.-(l)b

e

—

——

1. TECHNOLOGY REQUIREMENT (TITLE): High Power
Electrostatic Thrust Subsystem

PAGE 3 OF _3

12, TECHNOLOGY REQUIREMENTS SCHEDULE;
CALENDAR YEAR

SCHEDULE ITEM

75)76|77]178179]80]81|82183]84]|35]|86]187]85|89|90]91

TECHNOLOGY

1. Analysis/Design

2, Fabrication

3. Test

4, Documentation .

5.
APPLICATION

1. Design (Ph, ()

2., Devl/Fab (Ph. D)

3. Operations

4,

15, USAGE SCHEDULE:

—r

TECHNOLOGY NEED DATH TOTAL
NUMBER OF LAUNCHES 1121 3

14. REFERENCES:
15. LEVEL OF STATE OF ART

1. BASIC PHF\OMENA ORSERVED AND RF PORTED,

2. TUFORY FORMULATED TO BESCRIBE PIHENOME NA,

3. THFORY TESPRD BY PHYSCAL F XTFLRIMENT
OR MATIEMATICAL MODEY,,

4. PLRTINENT FUNCTION OR CHARAC TERISTIC DFMONSTRATED,
F.G., MATERIAL, COVPOMNEANT, F100,

8. COMPONFNT OR AREADBOARD T STED IN RELEVANT
ENVIRONMENT IN Tt LARORATORY,

68, MODEL TESTED IN AIRCRAFT ENVIROUMENT,

7. MODEL TESTLD IN SPACF ENVIROXMENT,

8. NEW CAPARILITY Di RIVED FROM A MUCH LESSER
OPERATIONAL MODLL,

9. RELIARILITY UPGRADING OF AN OPERA IIONAL MODLL,

10, LIFETIME LXTENSION OF AN O1 LRATION \I. MODR L.,
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DEFINITION OF TECHNOLOGY REQUIREMENT Iep-(1) (c)

e @

1. TECHNOLOGY REQUIREMENT (TITLE): MPD Thrust Subsystem _ PAGE 1 OF _3_
Technology
2. TECHNOLOGY CATEGORY; _Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED;_ Demonstrate, in a complete ground
prototype test, the technology for a multi-hundred kWe MPD arc jet subsystem and

its associated propellant,stnrage and distribution subsystem for primary nuclear

R, ecr[? m{[.,ﬁ":rt?r‘fq f.o )uI]. TgﬁT Analytical and experimental research has been done

in_a_quasi-steady magnetoplasmadynamic (MPD) discharge with a self-induced
magnetic field and different propellants. HAS BEEN CARRIED TO LEVEL 2_

J. DESCRIPTION OF TECHNOLOGY

A 400 kWe power processor and a quasi-steady MPD arc jet thruster, with
switching and logic required for operation at arn exhaust velocity between
20 and 30 km/s, utilizing argon as a propellant. Specific mass of the
thrust subsystem is presently estimated at less than 2 kg/kWe, designed
for 30,000 hours of full power operation and a total lifetime of at least
90,000 hours.

] P/1. REQUIREMENTS BASED ON: [J PRE-A,(0J A, B,0J ¢/D

6. RATIONALE AND ANALYSIS:

a. Requirements for transport of a large number of different payloads from
LEO to many different orbit locations with reusable upper stages are
expected by the late 1980's. NEP will provide a low-cost, multi-payload,
multi-mission reusable '"Tug" capability. The MPD arc jet for this
application is an exceptionally low-cost, versatile, lightweight device
that will be able to operate at high thrust density with ery little
power processing.

b. Mission needs are particularly in the large payload transport from LEO
to geosynchronous orbit or escape velocity.

c. NEP as a reusable trip for ,.osynchronous missions will provide
approximately a factor of 4 lar~er payload to geosynchronous orbit than
a chemical propulsion system. ‘ine round trip with NEP, however, takes
slightly over 100 days. If payload delivery rate is compared over a
large number of flights, the Shuttle with NEP tug will deliver payload
at approximately 50X of the cost of using a chemical propulsion tug.

d. A ground prototype test is required, although it may also be desirable
to have a short powered flight system test in space.

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT II45(1) ()

———————— e —
e t——

Technology

1. TECHNOLOGY REQUIREMENT(TITLE): _ MPD Thrust Subsystem PAGE 2 OF 3_

-)

TECHNOLOGY OPTIONS:

Because of the high energy mission capability of NEP, large orbit plane
changes and urbit altitude changes may be carried out in preprogrammed
sequences to deliver a variety of payloads to a variety of destinatiors
within a single round trip, or to deliver a large payload to a single
destination. Exhaust velocity is expected to be readily variable to
provide any changes that may be required by the mission.

8. TECHNICAL PROBLEMS:

a. Subsystem definition

b. Efficiency optimization

c. Power processing for variable exhaust velocity
d. Thernal design of thruster anode

Y. POTENTIAL ALTERNATIVES:

Ion engines may be used, at considerable increase of system mass,
complexity, and cost.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Without special effort by N.SA, this advancement would not occur.

EXPECTED UNPERTURBED LEVE?

2

11. RELATED TECKENOLCGY REQUIREMENTS:

This technology requires the availability of a nuclear power subsystem
technolngy to accomplish the stated missions. It may also require further
development of robotics and teleoperator technology for rendezvous and
dncking, payload servicing and/: - deployment, etc.
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DEFINITION OF TECHNOLOGY REQUIREMENT

TI-A-(1
N().( )

c)

.

| ===

Technolo&

1. TFCHNOLOGY REQUIREMENT (TITLE): _MPD Thrust Subsystem

PAGE 3 01 _3

1. TECHNOLOGY REQUIREMENTS SCHEDULE;

CALENDAR YEAR

SCHEDULE ITEM

-3

<

7617

-]

78179]80|51]82

B3 8435868785 ]85]00]91

TECHNOLOGY
1. Analysis/Design

2, Fabrication

3. Test

4, Documentation
5.

APPLICATION
1. Design (Ph, )

2. Devl/Fab (Ph. D)

3. Operations

4.
1
1:3., US2GE SCHEDUILE:
T
. s “p TOTAI
TECHNOLOGY NEED DATI. X :
NUMBER OF 1LAUNCHES i 2
S
14. REFERENC. ~
5
: 15, LEVEL OF STATE OF ART 8. COMPONFNT O HREADBOAKD TESTED IN RELEVANT
- ENVIRONMENT IN Tt LAMORATORY,
: 1. BASIC PHEXZOMENA OUSERVED AND QF PORTED, 6. MODEL TESTE D IN AIRCRAFT EAVIRONMENT
; 3. TUEORY FORAMULATED TO DESCRIBE PUE NOME NA, 7. MODEL TESTED N SPACE EAVIRONMEN]
3 LOTHROIY TENTED BY “*\SICAL FXPLRIMENT 8. NEW CAPARILI™Y DI RIVID PHOM A MYUCel T8 SSER
OR MATHEMATICAL MODEL, OPERATIONAL MODLL..
- . S PERTIM NT FUNCTION OR CHARAU TERISTIC DF MONSTRATED, 9. RELIARLITY UPGRADING OF AN OPE RA 10NAL MODLL,
f? E.G.. MATLRLAL, COVPOMIAT, B10, 10, LIFETIME EXTENSION OF AN OF [ RATION «* MODF L,
:
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. TECHNOLOGY REQUIREMENT (TITLE): Solid Core Nuclear

DEFINITION OF TECHNOLOGY REQUIREMENT A

PAGE 1 OF _1_
Rocket Technology

[B4

o4

. TECHNOLOGY CATEGORY: Propulsion

OBJECTIVE/ADVANCEMENT REQUIKED;_An assessment of applications to
combined high-thrust/low-thrust missions is to be accomplished.

CURRENT STATE OF ART:

HAS BEEN CARRIED TO LEVEL 5

DESC RIPTION OF TECHNOLOGY

A direct heating, solid core, nuclear rocket technology wouuld provide high
thrust upper stage propulsion at a hydrogen exhaust velocity approaching

10 km/s. This should be assessed in combination with low-thrust propulsion,
as a dual-mode system or a separate NEP system.

P/L REQUIREMENTS BASED ON: [J PRE-A,T] A,0J B, ¢/D

6.

RATIONALL AND ..NAILYSIS:

This technology, because of its high thrust characteristic, perhaps ought

to be re-evaluated in the light of other advanced technologies more recently
being advocated. The advantage of relatively high exhaust velocity,
however, appears to be partially offset by the large hydrogen tankage
requirement. Possible combined high-thrust missions have not yet been
explored within the context of planned STS capabilities.

PRODUCIB!LITY OF THR
SRIGINAL PAGE I3 POOR

TO BE CARRIED TO LEVELN/A
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1.

DEFINITION OF TECHNOLOGY REQUIREMENT Lo (2) (b)

4

TECHNOLOGY REQUIREMENT (TITLE). Fluid pAGE 1 OF 1_
Core Nuclear Propulsion Technolog,

[

. TECHNOLOGY CATEGORY: Propulsion

OBJECTIVE/ADVANCEMENT REQUIRED:_T0 complete the experimental
characterization and the conceptual design of a high temperature plasma core

nuclear rocket system,

CURRENT 5STATE OF ART: Basic and applied research is being conaucted into

the fluid flow and heat transfer of plasma core reactors.

HAS BEEN CARRIED TO LEVEL 1

DESCRIPTION OF TECHNOLOGY

Large, very high temperature, fissioning plasma cores in nuclear reactors
have the potential capabilities of producing high thrust-to-mass propulsion
at exhaust velocities up to 50 km/s. Such systems require the storage and/or
recirculation of fissionable materials outside the reactor, and a fairly
complete separation of fluid flow between the hydrogen propellant and the
fissioning plasma within the reactor core. Both the "open cycle" and

"light bulb" concepts of the plasma core nuclear rocket require evaluation
Hot nuclear fuel is confined in the reactor cavity and separated from walls
and structure by the flow of a buffer gas. There are two basic schemes:

In the coaxial flow or "open cycle'" device, the buffer gas is to intercept
the optical radiation from the fissioning plasma. It is thus heated and by
expansion through a nozzle, it produces thrust. In the nuclear "light bulb"
engine, the plasma fuel and buffer gas are contained in a transparent
cylinder. Radiation from the plasma heats up a propellant flowing about the
nuclear "light bulb".

P/L REQUIREMENTS BASED ON: [X] PRE-A,[J A,O B,00 ¢/D

RATIONALF AND ANALYSIS:

v large, high energy manned missions, such as manned planetary
expeditions may be expected sometime beyond the year 2000. Such missions
will require some combination of high thrust and high specific impulse
propulsion. It is therefore important to carry the plasma core nuclear
propulsion to the point of validated conceptual design in order to allow

a fairly comprehensive comparison with other systems which have been carried
to a higher level of the state of the art. Further need for technolog -’
advancement can then be assessed.

TO BE CARRIED TO LEVEL 3
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1.

DEFINITION OF TECHNOLOGY REQUIREMENT NO, _II-B

TECHNOLOGY REQUIREMENT (TITLE): Nuclear Fusion
Propulsion

PAGE 1 OF _1_

<)

-

3.

TECHNOLOCY CATECORY: Propulsion

OBJECTIVE/ ADVANCE: IENT REQUIRED;_A continuing assessment is needed of
high-energy fusion research as the phenomena move toward experimental

demonstration.

4.

CURRENT STATE OTF ART:

HAS BEEN CARRIED TO LEVEL 0

DESC RIPTION O TECHNOLOGY

A number of concepts have been proposed for the use of nuclear fusion to
generate thurst. They presently include microexplosion concepts (laser
generated) and controlled thermonuclear reactors (CTR). These concepts
represent a future opportunity to obtain much higher energy densities than
by nuclear fission, and thereby represent a follow-on technology of
potential importance.

P/1. REQUIREMENTS BASED ON: [x] PRE-A,[0 4,0 B,[0J C¢/D

6.

RATIONALE AN ANALYSIS:

Fusion energy systems represent the first possibility for space exploration
well beyond our Solar System. Such missions are beyond the year 2000, but
represent, to some extent, an important aspect of future planning. At this

time NASA represents a technology observer and planner rather than an active
participant.

TO BE CARRIED TO LEVELy/A
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TECHNOLOGY REQUIREMENT (TITLE): __Combined Radioisotope }'AGE 1 OF _3

Thermoelgptric/Propulsion Module

. TECHNOLOGY CATEGORY: Propulsion

OBJECTIVE/ADVANCEMENT REQUIRED:_To utilize the direct heating
capability of a radioisotope thermoelectric generator for propulsion

performance enhancement.

CURRENT STATE OF ART: _Isotopic thermoelectric generators have been built

for flight. Radioisotope heating of propellant has been done on a laboratory

scale. They have not been combined. HAS BEEN CARRIED TO LEVEL 3

~

J.

DESCRIPTION OF TECHNOLOGY

At present thermoelectric gencrators and propulsion systems are designed
as separate systems for a particular mission. Some types of auxiliary
propulsion are significantly enhanced by additional heat input. The
required advancement is to produce an integrated system. [he technology
needed 1s basically existent but a great deal of effort is required in the
design stage to marry the two technologies.

P/L REQUIREMENTS BASED ON: [] PRE-A,[0 A,[0 B,[J ¢/D

RATIONALE AND ANAIL. YSIS:

a. An increase in propulsion system efficiency by utilizing "waste' heat
from an RTG would reduce total spacecraft weight, a factor of
particular importance on deep space missions where RTG units are
typically applied.

b. The techiology would be applied to earth orbit and interplanetary
missions for which RTG units are required.

c. The radioisotope thermoelectric generator is typically applied to deep
space missions where any extention of mission 1life time is of great
value. lncreased performance of the auxiliary propulsion system ex*ends
useful mission life-time and/or capability by conserving propellant.

Some types of sensors are incompatible with high energy propellant
exhaust products and force the use of cold gases. Auxiliary heating can
more than double the specific impulse in these cases.

d. Breadboard system level testing in vacuum.

TO BE CARRIED TO LEVEL 5_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1I-C

e ——

1. TECHNOLOGY REQUIREMENT(TITLE): _Combined Radioisotope PAGE 2 OF _3
Thermoelectric/Propulsion Module

7. TECHNOLOGY OPTIONS:

8. TECHNICAL PROBLEMS:

Thermal t:insients may produce structural problems. Reducing thrust chamber
size for efficient attitude control pulses is of concern. Transient
depression of electrical output may be a problem.

Y. POTENTIAL ALTERNATIVES:

Use the less efficient electrical output for ohmic heating of the propellant.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL >_

11. RELATED TECHNOLOGY REQUIREMENTS:;

None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, II-C

| TECHNOLOGY REQUIREMENT (TITLE): Combined Radioisotope PAGE 3OF 3

Thermoelectric/Propulsion Module

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75]76(77]178]79180]81

(1]

82

83]84(85]86]87]88]89[{9091

TECHNOLOGY
1. Analysis/design

2, Fabrication

Test

APPLICATION
1. Design (Ph, C)

2, Devl/Fab (Ph. D)

3. Operations

1.

A 4

15. USAGE SCHEDULE:

TECHNULI.OGY NEED DATI.

| TOTAL

NUMBER OF LLAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHEXNOMENA OBSERVED AND REPORTED,
2. THEORY TORMULATED TO DESC RIBE PHFNOMENA,
3. THEORY TESTED BY PHYSICAL F XPLRIMENT
OR MATHEMATICAL MODE L,
4. PERTININT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

E.G., MATERIAL, COMPONENT, ETC,

COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY.

MODEL TESTED IN AIRCRAFT £ NVIRONMENT,

MODEL TESTLD iN SPACF ENVIRONMENT.

NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODLL,

RELIARILITY UPGRADING OF AN OPERATIONAL MC <L,

LIFETIME EXTENSION OF AN OFLRATION \t, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO., III-A-(lj

1. TECHNOLOGY REQUIREMENT (TITLE): Direct Heated Laser and pAGE 1 OF _3
Microwave Propulsion

2, TECHNOLOGCY CATEGORY: _Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED:__Evaluate concepts and establish

potential of propulsion by heating of propellants by a laser beam

transmitted from an external source.

4. CURRENT STATE OF ART: Possible gas phase absorbtion mechanisms analyzed.

HAS BEEN CARRIED TO LEVEL _3

—
6. RATIONALTF AND ANAT.YSIS:

5. DESCRIPTION OF TECIHNOLOGY

The major technology areas include appropriate laser systems, beam
transmission phenomena, laser-beam receiver systems, conversion of laser
beam energy to sensibie propellant enthalpy, and viable thruster designs.
Preliminary analysis of ene gy absorbtion mechanisms and propellant
stability in the thruster is complete. Preliminary absorbtion/flow
visualization tests near completion. Complementary analytical and
experimental evaluation of high powe~ laser systems is in progress.

P/1. REQUIREMENTS BASED ON: [J PRE-A,[0J A,00J B,00 ¢/D

a) The exact specifications on the technology performance parameters will
be determined by the analytical and experimental studies of the various
elements of this technology area.

b) A broad class of missions would bunefit from the promise of greater than
1000 sec. impulse propulsion without a requirement of on-board
propulsive power.

¢) This is an opportunity driven technology.

REPRODUCIBILITY OF THE
QRIGINAL PAGE I8 POOR

TO BE CARRIED TO LEVFL __
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.I1I-A-(1)

1. TECHNOLOGY REQUIREMENT(TITLE): Direct Heated Laser and _ PAGE 2 OF 3.

Microwave Propulsion

v

7. TECHNOLOGY OPTIONS:

The system trades &nd sensitivities will await definition of basic technology
performance parameters and feasibility analysis. Trades will exist for the
source of the energy (eg.: space, aircraft, and earth); propellant type;
laser beam generator (efficiency, lifetime) and beam characteristics; and
on-board thrust subsystem characteristics (such as thruster temperature

limits).

8. TECHNICAL PROBLEMS:

1. Propellant absorbtion, propogation, generation, and steering of the

laser beam.
2. High temperature thrusters.

3. Laser optics systems.

Y. POTENTIAL ALTERNATIVES:

In the area of beamed energy a rstential alternative is to utilize on-board
devices to connect the beams to electrical power for subsequent use in an

electric propulsion system.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-21-40 '"Laser Propulsion Technology"

EXPECTED UNPERTURBED LEVEL 4§

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOIL.OGY REQUIREMENT NO, 111-A-(1)

—_—

1. TECHNOLOGY REQUIREMENT (TITLE): Direct Heated Laser and PAGE 3 OF 3

Microwave Propulsion

4.
5.

1. Element Analysis
2. Systems Analysis —_

3, Preliminary Tests

12, TECHNOLOGY REQUIREMENTS SCHEDULE;:
CALENDAR YEAR
SCHEDULE ITEM 75176 77'78 7918018182[83)184]35[86|87135189|90]91
TECHNOLOGY

1.

~N

3.
4,

APPLICATION
Design (Ph, C)

Devl/Fab (Ph. D)

Operations

13,

USAGE SCHEDULE:

TECHNOILOGY NEED DATI.

T
TOTAL

NUMBER OF LAUNCHES

14.

4.

REFERENCES:

15. LEVEL OF STATE OF ART

1.
2,
3.

RASIC PHENOMENA ORSERVED AND REPORTED,

THEORY FORMULATED TO DESCRIBE P1IF NOMFNA.

THFOKY [FSIED BY PUYSICAL EXPLR'MENT
OR MATHEMATICAL MODE Y,

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERLAL, CONPOMENT, ETC,

. RELIARILITY UPGRADING OF AN OPERATINNAL MODLL,

COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Tt LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTLD iN SPACY ENVIRONMENT,

NEW CAPANILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODLL.

LIFETIME EXTENSION OF AN OFLRATION \1. MODEFL,,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 11I-A-(2
m::‘ e e (—  —  —  —————
1. TECHNOLGGY REQUIREMENT (TITLE): Laser and Microwave PAGE 1 OF 1

Electric Propulsion Technology

(S

. TECHNOIL.OGY CATEGORY: Propulsion

OBJECTIVE/ADVANCEMENT REQUIRED:_To complete the experimental
characterization and the conceptual design of a laser and microwave power

transmission and conversion in space for primary electcic propulsion.

CURRENT STATE OF ART: Basic and applied research is being conducted in

visible laser and microwave power transmission and conversion to electricity.

HAS BEEN CARRIED TO LEVEL ¢ _

DESCRIPTION OF TECHNOLOGY

Visible wavelength laser energy and/or microwave beamed energy from an
orbiting spacecraft or other remote site is transmitted to other vehicles
(orbiting satellites or surface rovers) and is then converted to
electrical energy and utilized for propulsion. Conceptual definition

is required for proper evaluation of the technology.

P/1. REQUIREMENTS BASED ON: [J PRE-A,(J A,[0J B,00J ¢/D

RATIONALLE AND ANALYSIS:

The proposed technology represents an opportunity among other applicationms,
to utilize mother-daughter vehicle operations at the cuter planets, where
solar power is not available. In order to adequately compare this technology
to other systems which have been carried to a higher level of the state of
the art, advancement of the technology is required. If the resultant
concepts are promising, further technology advancement can then be
recommended.

TO BE CARRIED TO LEVEL 3
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DEFINITION OF TECHNOLOGY REQUIREMENT IfyB-i- (a)

pre ey

1. TECHNOLOGY REQUIREMENT (TITLE): Auxiliary Electric PAGE 1 OF 3__
Propulsion System Technology with Mercury Bombardment Thrusters

2. TECHNOLOGY CATEGORY:  Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:_To bring to a state of technology
readiness attitude control and stationkeeping systems for geosyncronous space-

craft using mercury bombardment thrusters.
4. CURRENT STATE OF ART; _Engir cering model level hardware based on extensivT
precurser development and demonstration, is in the falLrication phase.

HAS BEEN CARRIED TO LEVEL

5. DESCRIPTION OF TECHNOLOGY
An auxiliary propulsion system consists of a thruster, thrust vectoring
subsystem, propellant supply and distribution subsystem, power processor and
associated structiral and thermal control elements, The system reliability
nrust be sufficient to provide efficient, light-weight geosynchronous
satellite control over time periods up to about ten years at a specific
impulse of about 3000 seconds. The required system technology is nearly all
available and successful thruster and ongoing critical element life tests of
over 13,000 and 20,000 hours, respectively are in progress. An engineering
model level auxiliary propulsion system is in the fabricatic.a phase with full
system qualificatiou and complete lifetime demonstration of the baseline
system scheduled for completion by the middle of fiscal years 76 and 79,
respectively. M:nor redesigns to provide for optimal system performance for
a variety of spacecraft concepts are under development.

P/1L REQUIREMENTS BASED ON: [] PRE-A,[J A, B,0J ¢/D

6. RATIONALE AND ANAL YSIS:
a) The baseline auxiliary propulsion system values of specific impulse
( ~ 3000 seconds) thrust (~|mlb.), propellant loading, and thrust
vectoring capability were selected as optimal for north-south station-
keeping of a large class of geosynchronous satellites liess than about 3000
kg in mass which ucilize solar power for thruster operation.

b) In general, long life advanced geosynchronous satellites will benefit from
this technology. The majority of the applicatiins are for on-orbit
stationkeeping operations in the disciplines of Earth Observation,
Communication and Navigation, and Non-NASA/Non DoD Payloads.

c) As an example of mass savings, the use o. ilon thrusters reduces the
satellite control propulsion system from 21 to 10 percent of total space-
craft seven year mission with larger proportional saving arising for
longer missions. In addition, the low levels of finely controlled thrust
allow for more control precision,

d) This technology should be carried to an experimental demonstration on an
automated spacecraft or on an early shuttle flight.

-

TO BE CARRIED TO LEVEL
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DEFINITION OF TECHNOLOGY REQUIREMENT N§-B-1-(a)

TECHNOLOGY REQUIREMENT(TITLE): Auxiliary Electric PAGE 2 OF 3
Propulsion System Technology with Mercury Bombar. .ent Thrusters

TECHNOLOGY OPTIONS:

Design at a;proximately twice the baseline thrust level ot optimize system
performance with a battery power source is possible.

Redesign of power processor to take advantage of high voltage solar arrays
is possible as the operating concept has been demonstrated.

8.

TECHNICAL PROBLEMS:

1) Potential jon beam/spacecraft interactions for body mounted thrusters.

2) Possible structural/dynamic problems for end of the array mounted
thrusters.

v.

POTENTIAL ALTERNATIVES:
In the range of specific impulse greater than about 800 seconds, no aiternate

technology options to some form of electric propulsion presently exirt or are
proposed for auxiliary propulsion (Reference 1). Two other electric
propulsion systems--electron bombardment thrusters using cesium propelluut
and colloid thrusters--are presently under development. The former is
generically quite similar to the mercury bombardment systems while the

latter (colloid) operates at a specific impulse of about half that of the
mercury systems.

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
RTOP 502-22-11 "Auxiliary Propulsion Ion Thruster Technology'

NASA Resources are required for advancemrnt of technology beyon. present
STATE of ART.

EXPECTED UNPERTURBLD LEVEL 5

11.

RELATED TECHNOLOGY REQUIREMENTS:

Guidance, Navigation and Control for low thrust propulsion systems.
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DEFINITION OF TECHNOLOGY REQUIREMENT

IEB-B—I- (a)

a—

SSEE

TECHNOLOGY REQUIREMENT (TITLE): Auxiliary Electric

PAGE 3 OF _3

1.

Propulsion System Technology with Mercury Bombardment Thrusters

TECHNOLOGY REQUIREMENTS SCHEDULE:

12,

CALENDAR YEAR

76]77]78]179] 80|81

ot

SCHEDULE ITEM

-3

82

83]184]35]86 3139190191

TECHNOLOGY
1. Analysis/Design

2 Fabrication

-

3. Test

[S1 I

APPLICATION
1. Design (Ph, C)

Devl/Fab (Ph. D)

o

3. Operations

13. USAGE SCHEDULE:

TECIHNOLOGY NEED DATlu!

¥
TOTAL

NUMBER OF LAUNCHES l

14. REFERENCES:

1) Outlook for Space.
July 15, 1975

15. LEVEL OF STATE OF ART

1.
'S
LN

PASIC PHENUMENA Ot RVED AND HFORTED.

THEORY FOUMULATE® TO DESCE!IBE PUEANOMENA,

THYORY TESIED BY PUYSICAL | XPERIMENT
OR MATHFMATICAL MODE L.,

PLRYVIN NT FUNCTION OR CHARAC TERISTIC DFMONSTRATED,
E.G., MATERIAL, COVPONEAT, B0,

4.

A Forecast of Space Technology

REPRUDUL
ORIGINAL

Final Draft,

wiLiry OF THR
PAGE B

COMPONENT OR AREADBOARD TLSTED IN RELEVAMT
EVVIRONMENT IN Tit LAMORATORY,

MODFL TESTED IN AJRCRAFT BN TRONMENT,

MOTL TESTLD IN SPACY ENVIRONMENT,

NEW CAPAMILITY I i LD FROM A MUCH LESSRER
OPERATIONAL MOLLL.

RELIABMLITY UPGRADING OF AN OPERAT' NAL MODEL,

SIFETIME LXTENSION OF AN O LRATIO * MODEL,
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TECHNOLOGY REQUIREMENT (TITLE): Solar Electric Primary PAGE 1 OF 3_
Propulsion Thrust Subsystem Technology

3.

B G

DEFINITION OF TECHNOLOGY REQUIREMENT

TECHNOLOGY CATEGORY: Propulsion

OBJECTIVE/ADVANCEMENT REQUIRED:; To_bring to a state of technolog:
readiness a primary solar electric propulsion thrust subsystem utilizing

mercury bombardment thrusters.

CURRENT STATE OF ART: Thruster and power processor developed to engineer-

ing model and thermal vacuum breadboard levels, respectively. Other system

elgments developed to at least functional HAS BEEN CARRIED TO LEVEL 5_

6

.,

o

DESCRIPTION OF TECHNOLOGY status,

The major elements of a SEP system are the mercury bombardment thrusters,
power processors, propellant feed and distribution system, thrust vectoring
system, thrust subsystem c -'roller, and associated solar array power
system. The required system characteristics include specific impulse of
about 3000 seconds, overall efficiency of about 65%Z, reliability
commensurate with thyr. .ting times of 15,000 hours or more, and

operational capability over the spectrum of environments trom 0.7 to 4 A.U.
The thruster has been developed to Engineering Model level with thermal and
structural qualification and a 10,000 hour life test completed. The power
processor has been developed to the thermal vacuum breadboard level with a
program to provide packaged functional models in progress. A liIghtweight
solar array concept has been developed to a demonstration level. Other
elements require minor or no extension of existenc technology.

P/1. REQUIREMENTS BASED ON: [J PRE-A,[J A, 3.0 C/'D’

BATIONAL L AND ANALYSIS:

2) The required baseline SEP parameters and chaiacteristics of 3000 seconds
specific impulse, lifetime of 15,000 hours or greater, input power and
thrust capability, and efficiency and mass goals of 657 and 12 kg/kw
respective y, are selected as optimal for satisfaction of the
requirements of a broad set of planetary and nea- earth miscions.

b) 1In general, planetary and near earth missions characterized by high
energy and/or high performance requirements are strongly benefited by
the use of a high specific impulse propulsion sysrzem. Examples of such
missions are: interplanetary transpcrt such as comet rendezvous and
out-of-the-ecliptic missions; and transportation and on orbit operations
missions which utilize shuttle capability.

¢) Sigrificant payload and performance benefits accrue with the use of this
technology for high energy performance sensitive missions.

d) This technology should be cavried to an experimental demonstration on un
automated spacecraft or on an early shuttle flight,

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT o B Db

1. TECHNOLOGY REQUIREMENT(TITLE): _Solar Electric Primary PAGE 2 OF 3_
Propulsion Thrust $ " system Technology

7. TECHNOLOGY OPTIONS:
In the advent of substantial reductions in power source specific mass the
optimal specific impulse would increase with subsequent propellant savings.
Increases of up to about a factor of 2-3 could be achieved without major
technology effort except in the power conditioning interface between power
source and load.

Significaat (15%) reductions in thrust subsystem mass could be expected if the
thruste: high voltage requirements were provided directly without power
conditi.. ing via . nigh voltage solar array system. In addition, use of an
alternate power scurce, such as nuclear, would greatly expand the thrust
subsyste'r a very attractive transportation stage for very large space systems
such as SPS (REF. 2).

8. TECHNICAL PROBLEMS:
1) Spacecraft integration.

2) The target of 12 kg/kwe.

9. POTENTIAL ALTERNATIVES:

1) Use of light fuels instead of mercury.

2) Use of magnetoplasmadynamic (MPD) thrusters with reduced efficiency.

1u. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
RTOP 506-22-30 "Prime Propulsion Ion Thruster Technology"

The technology would not be expected to advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS:
Guidance, navigation, and control for low thrust systems.
Structural dynamics of large flexible spacecraft.
Thermal control of large power systems.
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DEFINITION OF TECHNOLOGY REQUIREMENT

e

1. TECHNOLOGY REQUIREMENT (TITLE): Selar Electric Primary PAGE 3 OF 3 _
Propulsion Thrust Subsystem Technology
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
[ ) SCHEDULE ITEM TolT6 | TTIT8179]80181 821 831813086387 }85]89]90]91
TECHNOLOGY
1. Analysis/Design —1
2, Fabrication
3. Test
4. Documentation
5.
APPLICATION
1. Design (Ph. ()
2. Devl/Fab (Ph. D)
3. Operations
4.
1:3. USAGE SCHEDULE:
T
TECHNOI.OGY NIED DATL X TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:
15, LEVEL OF STATE OF ART 8. COMPONFNT OR RREADBOARD TESTLD IN RELEVANT
ENVIRONMENT IN THY: LABORATORY,
1, BASIC PHENOMENA ORCERY 5 AND IFPORTED, 8. MODEL TESTED IN AIRCRAFT . NVIRONMENT.
2. THEORY FORMULATED T BFSCRIBG PHE NOMENA, 7. MODEL TESTLD IN SPACF ENVIRONMENT,
3. THFEORY TESIED MY PHYSICAL 1 XPLRIMENT 8. NEW CAPANILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MO Y, OPERATIONAL MODLL,
4. PERTININT FUNCTION OR CHAKRA¢ PF RISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODLL,
E.G., MATERIAL, CONPOMEr T, FT1C, 10. LIFETIME EXTENSION OF AN OFLRATION \l, MODELL,
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DEFINITION OF TECHNOLOGY REQUIREMENT fHE-B- (M-
l . - |

1. TECHNOLOGY REQUIREMENT (TITLE): Primary Electric PAGE 1 OF _3
‘Propulsion (SEP) with Low-Melecular Weight Propellant Bombardment
Thrusters
o TR GINOLOGY CATEGORY: _Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Provide the technology for an
efficient high specific impulse electric propulsion system for very large

space systems in near earth environment using low cost, plentiful, inert fuels

4. CURRENT STATE OF ART: Thruster operation has been demonstrated with a

_ variety of low-molecular weight propellants (IMWP) with sevexal sizes and
types of thrusters. HAS BEEN CARRIED TO LEVEL 4 _

5. DESCRIPTION O TECHNOLOGY

The major elements of a primary electric propulsion system with L.M.W.P.
bombardment thrusters are the bombardment thrusters, power processing,
thrust vectoring equipment, propellant supply and distribution system,
thrust subsystem controller, attitude control system, and power source. The
major technology requirements beyond those for a mercury bombardment thrust
subsystem (reference 1) are the development of an optimally sized efficient
long-life light fuel thruster; suitable scaled or modified power processing;
propellant supply and distribution system; and, for some applicationms,
development of new power source. Lifetime requirements are likely to range
up to 5 years or more dependent upon the particular application (reference
2).

P/L REQUIREXMI'NTS BASED ON: [ PRE-A,[0J A,[0 B,O ¢/D

6. RATIONALF AND ANALYSIS:

a) The selection of plentiful, low cost, and inert propellant is based on
the requirements for an orbit oerations and transportation of proposed
very large near-earth missions using shuttle capability. In these
applications, large amounts of power are available for propulsion system
and overall system performance is strongly optimized by operation at
specific impulses well in excess of that available from chemical
propulsion systems.

b) This technology would benefit the low earth to geosynchronous orbit and
on-orbit operations propulsion systems for very large near earth space
systems which result from full application of shuttle capability.

c) Operation at high specific impulse would be expected to significantly
decrease propellant requirements for both transportation and on-orbit
operations. An increase of the geosynchronous orbit payload capability
of a shuttle based system is estimated in one application to be a factor
of 9 (reference 2), at some expense in flight time.

d) This technology should be carried to an experimental demonstration on an
early shuttle flight.

TO BE CARRIED TO LEVEL 7_
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DEFINITION OF TECHNOLOGY REQUIREMENT IINI(SF:I-(C)

1. TECHNOLOGY REQUIREMENT(TITLE): Primary Electric Pro- PAGE 2 OF 3_

pulsicn(SEP)with Low-Molccular Weight Propellant Bombardment Thruster

7. TECHNOLOGY OPTIONS:

A wide range of specific impulses are available from a developed system
without significant impact on the technology baseline. A baseline system
could therefore provide optimal specific impulse for low earth orbit to
geosynchronous transportation and on-orbit operations of very large space
systems. Operation on new improved power sources would not change the
required thruster, propellant supply and distribution system, thrust
vectoring or thrust system control system technology.

«©

TECHNICAL PROBLEMS:
1. Achievement of a high efficiency, long life, low-molecular-weight

propellant require some redesign of the baseline mercury bombardment
systems.

2. Thermal control of the thrust subsystem would be difficult and probably
require the use of heat pipe and other emergent technology.

3. Propellant supply and distribution sys-em.

Y. POTLENTIAL ALTERNATIVES:

1. Use of a magnetoplasmadynamic thruster.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-22-40 "Ion Thruster Research"
The technology would not be expected to advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 4 _

11. RELATED TECHNOLOGY REQUIREMENTS:

Guidance, Navigation and Control of large/flexible spacecraft using low
thrust.

Structural dynamics of large/flexible spacecraft.
Advance thermal control and power distribution technology.
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DEFINITION OF TECHNOLOGY REQUIREMENT R B-(1)-c

1. TECHNOLOGY REQUIREMENT (TITLE):

Primary Solar Elec- PAGE 3 OF _3

tric Propulsion(SEP) with Low-Molecular Weight Propetient Bombardmen{

’ hrqrsEfers
12. CHNOILOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCUEDULE ITEM 75176 ]77]178]79]80

81]82}83}84}35|86]87188]89]90191

TECHNOLOGY
1. Analysis/Design

V]

3
4

50

. Fabrication

. Test

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph, D)

3. Operations

4,
L
13, USAGE SCHEDULE:
1
TECHNOLOGY NEED DATE ( * ) TOTAL
NUMBER OF LLAUNCHES
14. REFERENCES:
1. Definition of Technology Requirements for Primary Solar Electric Propulsion
(SEP) with Mercury Bombardment Thrusters.
2. Satellite Solar Power Station Study
Arthur D. Little, Inc., Gruman, Spectrolab, and Raytheon. Feb. 14, 1973
NAS 3-16804
3. Outlook for Space. A Forecast of Space Technology, Final Draft July 15,
1975.
15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT

1.
2,
3.

4.

BASIC PHENOMENA ORSERVED AND REPORTED,

THEORY FORMULATED TO DESCR!BE PIIFNOMENA,

TAFORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,.

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, CONPONENT, ETC,

ENVIRONMENT IN THE LARORATORY,
MODEL TESTED IN AIRCRAFT ENVIRONMENT,
MODEL TESTED iN SPACE ENVIRONMENT.
NEW CAPANLITY DLRIVED FROM A MUCH LESSER
OPERATIONAL .JODEL.
RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
LIFETIME EXTENSION OF AN OI'LRATION.A1, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NOIII-B-(2)

1. TECHNOLOGY REQUIREMENT (TITLE): _Solar Heated H, PAGE 1 OF _3
Propulsion

2. TECHNOLOGY CATEGORY: _ Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:_High Performan
system for transporting payloads from low earth orbit to geosynchronous orbit
and beyond.

4. CURRENT STATE OF ART; Feasibility study has been performed by TRW that

shows system to be promising as com

mentioned above, HAS BEEN CARRIED TO LEVEL 2

()

DESC RIPTION OF TECHNOLOGY

A propulsion system has been postulated by TRW that utilizes a solar
collector to concentrate thermal energy for direct heating of stored LH

for propulsion. Further studies are needed to evaluate the concept,
perform trade studies, and provide preliminary design of the optimum system.
If the approach looks promising, component development activities would be
undertaken on the solar collector and receiver, fluid storage and transfer
systems, and the main propulsion engine, followed by systems tests.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A,O0 B,J ¢/D

6.

RATIONALFE AND ANALYSIS:

(a) Critical parameters are dependent upon the system design selected, but

would generally include system operating pressures, thrust level, and
total delivered impulse,.

(b) Application is for transport of payloads from low earth orbit to
geosynchronous orbit or to escape velocity.

(¢) The advantages of this approach are simplicity and low development cost
compared to an SEP or a high thrust chemical propulsion system.

(d) Technology should be carried through systems level testing in a thermal/
vacuum chamber to fully demonstrate maturity and readiness for use.

TO BE CARRIED TO LEVEL 5
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, ITI-B-(2)

1. TECHNOLOGY REQUIREMENT(TITLE): _Solar Heated H, PAGE 2 OF 3_

Propulsion

7. TECHNOLOGY OPTIONS:

8. TECHNICAL PROBLEMS:

The principal technical problems are related to structural design of the
lightweight solar collector, design of the solar energy receiver, routing
of heated gaseous hydrogen to attitude control thrusters, the main thruster
design, and long life hot gas control valves.

Y. POTENTIAL ALTERNATIVES:

Alternative methods of performing the missions are solar electric propulsion
(SEP) systems and high thrust chemical stages like space tug.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Unperturbed Program - Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 2__

11. RELATED TECHNOLOGY REQUIREMENTS:
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NO, II1-B-(2

DEFINITION OF TECHNOLOGY REQUIREMENT
3
1. TECHNOLOUY REQUIREMENT (TITLE): Solar Heated H, PAGE 3 OF ___
Propulsion

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

76

7817

9

80

31

82

83]84]35186}87]88]89190}91

TECHNOLOGY
1. System Studies

2, Preliminary Design

3. Detailed Design/
Fabrication

4. Component Tests

5. System Tests

APPLICATION
1., Design (Ph, ()

2, Devl/Fab (Ph. D)
3. Operations

4.

13. USAGE SCHEDULE:

TECHNOLOGY NI'ED DATI.

T
A TOTAL

NUMBER OF LLAUNCHES

|

14, REFERENCES:

OR MATHEMATICAL MODE 1.,

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSE RVED AND RFPORTED.,
2. THEORY FORMULATED TO DESCRIBE "4l NOMFNA,
3, TAFORY TESTED BY PUYSICAL EXPLRIMENT

4. PERTINENT HUNCTION OR CHARACTERISTIC DFMONSTRATED,
E.G., MATERL\L, CONMPONENT, E1C,

(1) Burge, H.: '"Solar Heated Hydrogen Propulsion System for Space Tug",
TRW Company Report, 1975.

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Tiit. LARORATORY,

MODEL TESTED IN AIRCRAFT E NVIRONMENT.

MODEL TESTLI IN SPACF ENVIRONMENT.

NEW CAPARILITY DLRIVED FRUM A MUCH LESSER
OPERATIONAL MODLL.

RELIARILITY UPGRADING OF AN OPERATIONAL MODLL,

LIFETIME EXTENSION OF AN OF'LRATION \1, MODEL,
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(1)

(2)

"outlook for Space Reference Volume: A Forecast of Space
Technology 1980-2000," NASA Special Publication Jamuary, 1976.

Tischler, A.0. Astronautics and Aeronautics, p. 26,
July/Aug. 1975
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PART II CANDIDATE SPACE EXPERIMENTAL PAYLOADS

1, INTRODUCTION

The Part 1 Report (Technology Requirements) treats the justification
for several classes of propulsion systems technologies to be pursued through
the year 2000. The objective of the Part Il Report is to introduce and
discuss the experimental aspects of these technologies that might be ad-
vantageously carried out in near-earth space using the Shuttle Orbiter,
its payload bay, “he Spacelab, and/or some free-flying device that might
be used for long-duration testing,

The entries discussed by the Propulsion Technology Group are shown in
the Table of Sections whic: serves also as a supplementary Table of Contents.
The entries are grouped in the following three categories according to the
principal ratiomnale for carrying out the experiments in space:

1) The special characteristics of the space environment
makes testing from the Shuttle Orbiter and its related
equipment the only, or the most reasonable approach to
obtaining data.

2) Testing in space is expected to be more cost-effective
than carrying out similar tests on earth.

3} Tests in near-earth space provide a very close approxi-
mation to the condiiions to be encountered by operating
systems and as such may reveal unforeseen problems of
operations in space or may otherwise provide risk
reduction for the hardware design. In this way, space
testing will aid in gaining user acceptance of a new
technology.

The objective, descriptio:, and justification for each entry are
provided on the Definition of Technology Requiremznt form and on the
second page of the Future Payload Technolugy form, These forms are
presented in Section 5 of this report on the pages shown in the following

Table, The forms were completed only as time permitted and as information

was readily available, This same information is summarized in Section 4,
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In the case of several entries shown in the Table, propulsion-related
technology was discussed by another Group and is presented in their final
report. In these instances, only a summary is included in this report,

and the Technology Group to which the item was referred is identified.

2. TABLE OF CANDIDATE SPACE EXPERIMENTAL PAYLOADS
Space Payload Justification Categories
I. Space Environment Esgentigl

II. Space Experiment Most Cost Effective

I1I. Space Demonstration to Reduce Risgk

N, Title Jugtifigation
El Spacecraft Charginy and High Voltage Inter- 1
actions with Plasma (submitted to Power
Technology Group)
£E2 Flight Test of B8-cm Bombardment Thruster I
£3 High Temperature Plasma Core Reactor Fluid I
Mechanics (low-g) (submitted to Basic Research
Technology Group)
E4 Vibration Test of Solid Rocket Motors I
€S The Storage Supply and Transfer of Cryogenic 1
Fluids in Space(submitted to Thermal Controcl
Group)
E6 Propellant Management Device Design Parameters I
at zero=g
E7 Thruster Induced Back Contamimation 1
Es Supercritical Combustion Measurements in zero-g 1
€9 Pulse Characteristics of Small Thrusters 1
E10 Flight Test of Composite Engine v
E11 Deployment/Assembly and Control of Large Space 1

Propulsion Energy Sources (Sclar Sails, Solar
Energy Concentrators, Solar Photovoltaic Panels)

. ion P . :difiad P )
E12 Sublimation Properties of Solidified ropellaanﬁwuut,mul‘“x OF 114
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E15

E16

E17
£18

E19

Title
Flight Test of SEP Thrust SubSystem

Flight Test of Low Molecular Weight Propellant
Bombardment Thruster

Space Storability of Solid Rocket Motors

Measurement of Solid Rocket Motor Thrust
Alignment

Final Qualification Test of N2H4Resistojet
Final Qualification of FZ/NZHd Propulsion System

Finel Qualification Test of Cesium lon Engine

151
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11, I

11

11, 111

I11
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117

111




D RO e ey

- e T

MRS EDING PAGE BLANK NOT Flite

3. SUMMARIES OF CANDIDATE EXPERIMENTAL PAYLOADS
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I.

11,

111,

Iv.

Title:

Spacecraft Charging and High Voltage Interactions with Plasma
Objectives

Determine theory and verify by space obtained engineering data the
interactions of charged surfaces with plasma.

Description:

The experiment would be a satellite launched from the Shuttle or a
Delta with a geosynchronous to low earth orbit. The interactions
of spacecraft surfaces in a variety of configurations and charge
state are to be investigated.

Justification:

A number of spacecraft have experienced interactions with ambient

plasmas which have in some cases endangered the spacecraft. Tests
in the actual space environment are required to accurately deter-

mine spacecraft design criteria.
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Iv.

Title:

Flight Test of B-cm Bombardment Thruster

Objective:

Demonstrate the technology readiness of the B8-cm electron bombardment
ion thruster, Demonstrate the compatibility of electric propulsion
systems with science oriented missions, Evaluate plasma interactions
and environmental measurements.

Description:

The experiment would consist of two B-cm ion thrusters systems with
sufficient solar array power to operate a thruster even after array
degradation. The thrust subsystems would be run to demonstrate
cycle life performance equivalent to 10 years of stationkeeping.
Other diagnostic data such as the evaluation of the impact of thruster
operation on S5-bank communications, measurement of any thruster back
contamination, and the influence of thruster operation on particle
and field measurements would be made. A test of solar array opera-
tion at up to one kileovolt would be made to evaluate high voltage
array interactions and possibly to test thruster operation off un-
conditioned solar array power.

Justification:

The demonstretion of technology readiness of auxiliary electric
propulsion and compatibility with communication, scientific, and
other spacecraft systems would allow confident application of this
technology to a large class of geosynchronous satellites and pro-
vide large mass (or cost) savings and improved precision of control,
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II.

III.

Iv.

Titles

High Temperature Plasma Core Reactor Fluid Mechanic (Low-g)

Objective:

To study the fluid mechanics of high density and low density flow
separation in a low-g environment.

Description:

The open cycle plasma core nuclear rocket requires nearly complete
separation of the flow of the propellant from the fissioning plas-

ma. Low density propellant is expended, while the high density
nuclear fuel is to be retained in the core.

Justifications
Laboratory experiments are currently significantly influenced by

gravity. A need, therefore, exists to conduct this experimental
research in a low-g environment.
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111,

Iv.

Titles

Vibration Test of Solid Rocket Motor

Objecti.es

To determine the effect of the Shuttle acoustic and vibrational
gnvironment on solid rocket motor integrity and the response of the
propellant to the Shuttle vibration environment.

Description:

The early Shuttle flights could carry a small test model or motor
with instrumentation which would provide data on the response of the
propellant and insulation system to this environment. These data
would then be used in future design of solid rocket kick motors.

Justification:

It is very difficult to analyze or determine design parameters and
the values which describe the requirements for the Vvibration en-
vironment for a viscoelastic material such as a solid propellant,
The early Shuttle flights appear to offer a mechanism for obtaining
the data in a cost-effective manner.
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Title:

The Storage, Supply, and Transfer of Cryogenic Fluids in Space
(Submitted to the Thermal Control Technology Group)

Objective:

Perform flight experiments in space to obtain techriology on the stor-
zje, bhandling, supply, and transfer of cryogenic fluids.

Description:

"In space" experiments will be performed to obtain data with cryogenic
fl uids such as LHp, LOp, LF,, LHe, and LAr, Technology related to
propellant long term storage (tests of several days duration), receiver
tank chilldown, propellant or fluad acquisition for pumping, propellant
transfer including inflow/outflow problems, pressurization gas require-
ments, pressurization system design, and vehicle reaction to propellant
momentum change.

Justification:

Technology in this area has been obtained on the ground in two ways:
(i) 1long term thermal/vacuum tests of moderate sized hardware in
one-g; and (2) short term test (5 seconds) of small hardware in
zero-g in drop towers and aircraft, Inspace experiments will allow
data to be obtained under actual rather than simulated conditions of
vacuum and zero-g using large sized hardware (e.g., 8-10 ft, diameter)
for long periods of time, Tests will provide design data needed for
a number of cryogenic systems for future space application,
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Titles

Propellant Management Device Design Parameters at zero-g

Objectives

Improve the analytical tools required to design surface tension type
propellant management, pressurant, and outflow devices,.

Descriptions

A self-contained package (including instrumentation) would be carried
by Shuttle into zero-g environment., While in orbit, experiments would
be conducted to obtaining design information on the interaction be-
tween propellant and injected pressurant, effects of contamination on
the surface tension properties of liquid propellants, wicking proper-
tiss of materials used for surface tension devices, and propellant
cutlet design for tanks in the size range of the order 1lm in diameter
containing surface tension propellant management devici.

Justification:

Parameters required for the design of surface tension type propellant
management devices have been based on either ground tests or results
from drop tower tests, Neither are satisfactory in that gravitational
effects or short time durations have clouded results, Inspace testing
allows several types of systems to be considered whose use cannot be
accepted because of limitations in the ability to confirm functionality
in ground tests.
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Titles

Thruster Induced Back Contamination

Objective?

Determine far-fielc plume map and back contamination (including solid
particles) from chemical and electrostatic thrusters.

Descriptions

A modular propulsion system with contamination sensors (Quartz and
crystal microbalances) would be carried up by the Shuttle, deployed,
fired, and measurements taken., Chemical thrusters, both solid and
liquid (bipropellants and monopropellants), as well as electric
thrusters would be tested in order to ascertain the degree of surface
contamination and degradation,

Justifications
Existing ground facilities do not have the pumping capacity to test

large engines (up tn S00 1bf). Space provides the only adequate test
conditions,.

REPRODUCIBILITY OF THR
ORIGINAL PAGE I3 POOR
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Title:

Supercritical Combusticn Measurements in zero-q

Objective:

Establish supercritical droplet evaporation/comhbustion rates and
flammability limits in zero-g.

Descriptionst

A self-contained module would be fabricated after the individuzl
measuring devices are developed, checked out, and qualified., This
module would then be mounted in the Spacelab in order to make the
measurements described in the objective.

Justifications

Design and development of advanced combustion systems for rocket and
jet propulsion can be significantly aided by using computerized
combustion models for performance prediction. However, current pre-
diction accuracy is limited because required input data is obtained
in thu one-g environment which precludes the separation of gravity
effects from other convection effects and thus limits the generaliza-
tion of the models. Experiments conducted at zero~g would eliminate
this problem.
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II.

111,

Iv.

Titles

Pulse Characteristics of Small Thrusters

Objective:

To refine the measurement of impulse bits from small thrusters and

thus to allow design of more efficient spacecraft attitude control
systems,

Description:

Use an inertial reference to measure impulse bits produced by a
thruster mounted on a free-flying platform in space.

Justification:

All spacecraft utilizing attitude control thrusters in the low to
high millipound thrust range and below would benefit from a more
accurate knowledge of impulsa bit characteristics from the stand=-
point of precise matching of force to control requirement ard the
related fuel savings. Resolution of impulse bit profile in ground
test is limited by envircnmental noise and ground related design
waeknesses of the thrust balance itself,
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1v.

Title:

Flight Test of Composite Engine

Objectives

Use Shuttle Orbiter vehicle as a flying test bed for cruise mode tests
of full scale composite engine.

Descriptions

Flight tests of composite engine in the atmcsphere will be conducted to
verify performance, controllability, and structural integrity of the full
scale engine. Shuttle would be either launched vertically using smaller
SRB's or carried aloft by 747 aircraft. Composite engine will then be
started and cruise mode tests conducted at high altitude and Mach number.
Orbiter will then land without propulsion in its normal fashion,.

Justifications

Flight test of composite engine would cost less than construction and
operation of a ground test facility having the required capabilities of
heated air flow and altitude simulation. Also, flight testing will allow
greater testing flexibility and provide a more convincing demonstration
of technology readiness than ground testing.
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Title:

Deployment/# .sembly and Cuntrol of Large Space Prip.: .ion Energy Sources
Objectives

To verify and/or :efine by a sequence of .1 ,.: -:periments the multi-
discipline element 3.4 ¢y tem technclogy, ~«::.'ng propulsion system
performance parametet~, reg.i.ed for the o .- uwent/assembly and control

of large space propulsiocn energy source:.

Descriptions

A sequence of space experiments which would provide timely and orderly
space verification of the system and discipline technologies required for
large space systems. Initial experiments would be operated from the
Shuttle based test bed and would include: testing of deployment/assembly/
fabrication concepts for large space systems; evaluation of potential
materials and structures concepts to characterize such propertiec as solar
flux reflzction and absorption, structural static and dynamic properties
as a function of design approach, environmental radiation compatibility;
and verification of attitude control and propulsion subsystem designs,
Subsequent tests would utilize a low cost free-flying test bed to provide
a more realistic simulation of large space system on-orbit and/or trans-
portation configurations and system characteristics., Multidiscipline
technology would be verified and defined on an on-going basis with the
investigation of the additional concepts of the refurbishment and resupply,
assembly, and control of a free-flying large space system,

Justifications

The technology for the successful exploitation of large space systems
remains largeiy undefined and/or undemonstrated. An on=-going space ex-
perimental program to define and/or verify systems designs including that
of the propulsion subsystem would be required to provide timely, opt*imal,
and highest reliability use of large space systems,
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Titles

Sublim tion Properties of Solidified Propellants

Objective:

To evaluate the effects of zero-g on sublimation rates and hear transfer
of selected solidified propellants to allow better prediction of the
performance of sublimation sensor coolers/propellant supply systems in space.

Description:

Appropriate tanks containing candidate propellants cooled to the solid
state are tested in the laboratory to establish baseline performance for
comparison with subsequent similar tests carried ott in the zero-a space
environment. Typical propellants to be considered are m=thane ar ammonia.

Justifications

Gravitational effects of convection and forced contact of the solid with
the container are not succeptable to reasonable calculation when attempting
to extropolate the calculation of heat transfer/sublimation rates in

zeTo-g space. Sensor cooling by a sublimating frozen substance is one of
the simplest methods being proposed. The sublimated gas could be used to
fuel the attitude control system thus permitting a combined function

system with the attendant simplification and probable cost savings.

165

PREP R



PN

R, T

wetengmerss B e Pegen

D+ <l BT D SETORMHRR TR A BB R

[r— PR

e ey v

PR\ £ S &

e o

1I,

I1I,

Iv,

Titles

Flight Test of Solar Electric Propulsion Thrust Subsystem

Objectives

To verify and characterize by flight test the performance parameters,
interfaces, lifetime, and reliability of a solar electric prime propul-
sion thrust subsystem. To provide baseline electric propulsion parametric
data to allow extension of this technology to use with large space systems
for transportation and on-orbit operations. To utilize the unique electric
propulsion mission characteristics to provide new or extended scientific
and engineering infarmation concerning near~earth and other solar system
phenomena,

Description:

The experiment would contain an array of 30cm bombardment thrusters,
power processing units, thrust vectoring mechanisms, electrically iso-
lated propellant supply and distribution system, thrust subsystem
controller, appropriately scaled solar array, attitude control system,
and scientific and diagnostic engineering data systems. Dependent upon
NASA and other priorities, a potential first mission could be carried
out on a low cost test bed launched from the Shuttle or a free-flying
out-of-the ecliptic probe launched from the Shuttle to provide both new
scientific and the required subsystem engineering data.

Justification:

The benefits of a high impulse, high performance propulsion system for

a broad set of high energy missions has been well documented in many
studies. A flight test of the thrust subsystem would: (1) verify and
extend the ground-based technology readiness status of electric propulsion,
(2) provide sufficient parametric data for the low risk extension of the
baseline technclogy to proposed future missions, and (3) return new
scientific data which can be obtained only by a high performance propulsion
system.

REPRODUCIBILITY OF THE
QRIGINAL PAGE I3 POOR

168




G

S S S

11,

111,

1v,

Title:

Flight Test of a Low Molecular Weight Propellant Bombardment Thruster

Objectives

Verify and characterize the performance parameters, lifetime, reliability,
and interfaces of an electron-bombardment thruster operated on a low
molecular weight propellant by a flight test on the Shuttle and a sub-
sequent free-flying test bed.

Description:

The test would consist of operation of a single bombardment thruster on

the Spacelab pallet with brassboard power processing compatible with the
Spacelab power source. A prototype thruster, thruster controller, propell-
ant supply and distribution system, and thrust vectoring mechanism would

be tested. The initial test would be aimed at characterizing thruster
interfaces and verifying performance parameters obtained from ground-
based testing. Llater, a free-flying test bed launched from the Shuttle
would be utilized to life test the thruster and other system elemsnts

in such fashion as to insure lower risk use of the light fuel technology
for MPD thruster application,

Justification:

The use of electron-bombardment thrusters using low molecular weight
propellants would provide performance increases, reduce costs, and
minimize environmental impact of the STS system and the propulsive
on-orbit operations of large space systems in nsar-~earth environment.
In addition, this technology would provide a baseline for high specific
impulse propulsion systems using MPD thrusters. Due to the difficulty
and expense of ground simulation of the space environment with large
propulsion systems, a space test is required to fully verify system
performance parameters, interfaces, and lifetime,
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Titles

Space Storability of Solid Rocket Motors

Cbjectives

To demonstrate thes space storability of a solid rocket motor.

Descriptions

It has been very difficult and expensive to provide long term tests

which simulate the space environment to confirm the potential reliability
of solid rocket motonrs, and thus it has not been accomplished. The Space
Shuttle appears to be able to provide ready access to the actual environ-
ment with return of the exposed test items to earth for inspection and
tests. Test exposures need to be 1 to 5 years with samples returned to
earth for propellant mechanical properties, bond strength, and ignition
measurements.

The tests should be of the margin type in which test articles are fabri-
cated such that a failure probability of 50% could be expected. This
provides the limiting data with which to design future motors. Also,

the data would indicate the effect of combined parameters. LDEF appears
to be suitable for this experiment.

Justifications

The space environment has been too expensive to simulate on earth for
long durations, and yet solid rocket motors are being proposed for use
on planetary missions with space exposure: long duration space exposure
can provide valuable criteria {or the design of future impresvad solid
rocket motors, and reduce the risk of the first use of solid rocket
motors for long term space missions.
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Title:

Measurement of Solid Rocket Motor Thrust Alignment

Objectives

To use zero-g ani space vacuum to determine thrust alignment parameters
and values.

Descriptions

Currently, solid rocket motors can be fabricated with thrust alignment
errors which are less than our ability to measure them on the ground due
to the one-g field and interactions of the thrust stand., By using an
expanding cold gas as an experimental simulation of a solid rocket motor
nozzle under zero-g space vacuum, the small motions can be measured and
resolved without thrust stand or gravitational interference.

Justifications

Filling of a nozzle during ignition and thrust build-up, and the con-
tributors to thrust alignment are not well understood, and because of

the dynamic nature more are difficult to measure. Several vehicles

have experienced large side loads during the staging or ignition phase.
By using the Shuttle and the space environment, the increase in knowledge
of the contributors to thrust misalignment should be greatly improved.
This understanding will provide greater reliability and decrease the
weight and cost of future TVC systems.
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I, Title:

Final Qualification Test of Hydrazine Resistojet

I1I. Objective:

To qualify a new type of thruster (hydrazine resistojet) as space proven
hardware to make it available as a prime system component for spacecraft.

III. Description:

Hydrazine is thermally decomposed ir the chamber of an attitude control
size tnruster. UOperation is varied by changes in heater power and pulse
width.

IV, Justification:

Attitude control systems are required increasingly to perform reliably
and repeatedly for longer periods of time with more operating cycles.
The hydrazine resistojet has no catalyst bed and so has the potential
for very high operating cycle life with highly repeatable pulses. The
specific impulse is slightly higher than the equivalent catalyst bed
thruster, The minimum impulse bit achievable approaches the size ob-
tainable with cold gas which tends to save fuel and/or give finer
attitude control.

The flight demonstration will fully qualify the hydrazine resistojet
concept for application to earth orbit spacecraft,
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Titles

Final Qualifications of an FZ/NZHA Propulsion Subsystem

Objective:

Provide final verification of design adequacy of a flightweight FZ/NZH4
propulsion subsystem.

Descriptions

A small ( 700 kg) flightweight, pressure-fed propulsion subsystem with
a thrust level of 2670N will be carried up to orbit, released, and fired.
On-board instrumentation will be used to verify the test flight.

Justification:

Reduce risk in order to obtain user acceptance of a new, higher-performance
propulsion system for spacecraft propulsion,
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Title:

Final Qualfication Test of Cesium Ion Engine

Objectives

To qualify a cesium ion engine as space proven hardware to make it cvailable
as a prime system component for spacecraft.

Descriptions

A cesium ion engine should be operated in space over a large number of on/
off cycles, with appropriate data taken to verify proper operation.

Justification:

A previous test of the cesium ion engine in space was satisfactory in all
respects except for a fuel valve failure near the end of the planned test.
The failure was attributed to zero-g effects so the qualification of the
redesigned system must be tested in space to establish full validity.
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4, OVERALL OBSERVATIONS AND SUMMARY OF PART I1I

1) The large majority, twelve (12) of the nineteen (19), items
discussed and presented were classified in the first category: the
special environment of space makes it the most reasonable way to perform
the tests.

2) 0Of these candidates for space experiments, most can be
implemented by small experiment packages - many of which could be carried
on a single Spacelab flight. Exceptions wherein a large portion of the
Spacelab capability may be needed are the following:

a) cryogenic propellant storage and transfer

b) deployment and handling of large structures for
sails, concentrators, and photoveoltaic panels

3) One entry in the first category (flight test of a composite
engine) calls for the use of an airbreathing device either mounted
external to the Shuttle or deployed from the cargo bay at high altitudes.
The Orbiter would either be carried aloft by a 747 aircraft or launched
vertically using SRB's smaller than Shuttle standard. This experiment
would involve a major interaction with the Shuttle flight. Feasibility
of such a test could not be ascertained with the information available to
the Group.

4) Threes candidate space experiments are listed in the second
category. Justification is predicated on long-duration testing (up to
years) in space-level vacuum being possibly lecs costly than extended use
of the necessary vacuum facilities on the ground. Support of this justifi-
cation would entail use of a very low-cost, free-flying platform, such as
LDEF, which could be deposited in orbit by the Shuttle Orbiter and retrieved
years later, Cost estimates for the extended use of a free-=flying platform

must be established in order to determine if these experiments would be

REPRODUCIBILITY OF THE
173 ORIGMNAL PAGE 18 POOR




cost effective.
5) Four Experiments
a) Measurement of solid rocket motor thrust alignment
b) Qualification test of N,H, Resistojet
c) Qualification of a F,/N,H, Propulsion System
d) Qualification of Cesium lon Engines
were identified in the third category as being aids to gaining user acceptance.
6) The limited knowledge within the Group of the special requiremente
to be levied on experimenters intending to fly experiments on Spacelab or
a free-flying platform may have inappropriately inhibited the ideas generated
for the second and third categories of justification. Future solicitations
for candidate space experiments should be accompanied by at least rough
estimates of the projected requirements for space testing, including
deliverables, safety constraints, preflight testing, and other items that

impact the cost of utilizing the Shuttle as a test facility.
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1. TECHNCLOGY REQUIREMENT (TITLE): Flight Iest of an Berm PAGE 1 OF _4_

DEFINITION OF TECHNOLOGY REQUIREMENT NO, __E=2

—Electron Hombardment lon Thryster (Sphinx )
2, TECHNOLOGY CATEGORY:Propulsion

3. OBJECTIVE/ADVANCEMENT REQUIRED:; Demonstrate technology readiness and

m nd functions of the B-~cm mercury ion

—tbrusterc,
4. CURRENT STATE OF ART: Engineering model level hardware, based on extensive

lavel t and d tration is in the fabricahion of
HAS BEEN CARRIED TO LEVEL g

5, DESCRIPTION OF EXPERIMENT:

Test of an electric propulsion stationkeeping system launched from a Shuttle-
IUS combination or Delta booster. Performed as a companion experiment to
Sphinx B, Cycle life performance equivalent to 10 years of stationkeeping
to be demonstrated. The compatibility of thruster operation with spacecraft
scientific, communication, and other functions to be verified.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,J B,0 ¢/D

6. RATIONALL AND ANALYSIS:

a. The values of specific impulse and thrust level are near optimum for a
large class of geosynchronous satellites,

b. Geosynshronous satellites requiring precision north-south stationkeeping
and attitude control.

c. As an example of mass savings, the use of mercury ion thrusters reduces
the satellite control propulsion system from 21 to 10 percent of total
spacecraft mass for a seven year mission with proportionally larger savings
for lenger missions.

d. This technology should be carried to an experimental demonstration on a
free-flying satellite launched by a Shuttle-IUS combination or a Delta booster}

TO BE CARRIED TO LEVEL 1T

REPRODUCIBILITY OF THE
176 ORIGINAL PAGE IS POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-2

1. TECHNOLOGY REQUIREMENT(TITLE): flight Teat of an B-cm PAGE 2 OF 4

——~Elactran Bomhardment Ion Thruster (Sphinx C)
7. TECHNOLOGY OPTIONS:

Test one thruster designed to operate at approximately twice the baseline
thrust level to optimize system performance with a battery power source is
possible.

Redesign of power processor or a separate experiment to take advantage of
high voltage solar arrays is possible as the operating concept has been

demonstrated,

8. TECHNICAL PROBLEMS:

1. Potentizl ion beam/spacecraft interactions for body mounted thrusters.

2. Possible structural/dynamic problems for end of the array mounted
thrusters,

Y. POTENTIAL ALTERNATIVES:

In the range of specific impulse greater than about 800 seconds, no alternate
technology options to some form of electric propulsion presently exist or are
proposed for auxiliary propulsion (Reference 1), Two other electric propul-
sion systems - slectron bombardment thruster using cesium propellant and
colloid thrusters - are presently under development, The former is generi-
cally quite similar to the mercury bombardment systems. The latter (colloid)
operates at a specific impulse of about half that of the mercury systems,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

FTOP 502-22-11 "Auxiliary Propulsion Ion Thruster Technology"

EXPECTED UNPERTURBED LEVEL 5_

11. RELATED TECHNOLOGY REQUIREMENTS:

Guidance, Navigation, and Control for low thrust propulsion systems,

177
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-2

1. TECHNOLOGY REQUIREMENT (TITLE): Elight Test of an 8 cn PAGE 3OF _a_
—Electron Bonbardment lon Thrustex (Sghinx C)

e o

o ppre 1rs

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 ]77]78]79]80181]82}83]84|35]86]87188}89]90]91

TECHNOLOGY
1. Analysis/Design

2. Fabrication

3. Test

4.
5.

APPLICATION
1. Design (Ph, C)

2, Devl/Fab (Ph. D)

3. Operations

4.

13, USAGE SCHEDULE:

TECHNOLOGY NEED DATE| |V TOTAL

. | A S

NUMBER OF LAUNCHES 1

14. REFERENCES:
l. Outlook for Space A Forecast of Space Technology July %5, 1975

15, LEVEL OF STATE OF ART 5. COMPONFNT OR AREADBOARD TESTLD IN RELEVANT
ENVIRORMENT IN THE LARORATORY.

1. BASIC PHENOMENA OPSERVED AND RFEMORTED, 6. MODEL TESTED IN AIRCRAFT LNVIRONMENT,

2. THEORY YORMULATED TO DESCR!BE PHFNOMENA, 7. MODFL TESTED IN SPACE EN VIRONMENT.
[}

3. THEORY TESTED BY PHYSICAL EXPERIMENT . NEW CAPANLITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL.,

) e OPERATIONAL MODEL.
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIAMLITY UPGRADING OF AN OPERATIONAL MODEL,
F.G.. MATEKIAL, CONPOMENT, ETC. 10. LIFETIME EXTENSION OF AN OF'LRATION.A!, MODL.L.
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TITLE F1ight Test of an B-cm Electron Bombsrdment lon Thruster NO._E-2

{Sphinx C) PAGE 4 of 4

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: Sphinx { Spacecraft

TEST DESCRIPTION : ALT. (max/min) 3= non / 1.00Q km, INCL. 18 deg, TIME 2,000 r

BENEFIT OF SPACE TEST: pw.mmw
of thruster genergted plasma and high voltage

soﬁWﬁﬁ 2 WEIGHT 21 M.SIZE g e X cono X gaineamPOWER > 15g KW
POINTING STABILITY DATA
ORIENTATION _ CREW:  NO._[__ OPERATIONS/DURATION . [
SPECIAL GROUND FACILITIES: Recyuized ground facilities exist at LeRC
existing: Yes [x] wo[]
TEST CONFIDENCE 0.95

GROUND TEST OPTION  TEST ARTICLE: B-cm thruster. power processor, and gimbal
—system, and propellant tank,

TEST DESCRIPTION/REQUIREMENTS: Simulation test of ten-year attitude control system

SPECIAL GROUND FACILITIES: Vacuum facilities with frozen mercury target,

EXISTING: YES m NO D
GROUND TEST LIMITATIONS: _ Facility limitations do not allow accurate space simulas

MWWWWJM
¢ | trol funciions TEST CONFIOENCE U A

10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cy l_ CNST () COST ($)
1. ANALYSIS
2. DESIGN
3. MFG&C/O
4. TEST& EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § 88 refarerce (SUM OF "ROGRAM COSTS 8 )
>includas both Sphinx B and C
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COSTRISK $

FY(TDR-2) 7/75
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, __E-4

1. TECHNOLOGY REQUIREMENT (TITLE): Vibration Test of Solid PAGE 1 OF _4_

. Rocket Motor

2. TECHNOLOGY CATEGORY: _Propulsion —_—

3. OBJECTIVE/ADVANCEMENT REQUIRED; Determine effect of Shuttle acoustic

—and vibration environment on solid rocket kick motors from the response of
a mpdel motor and jis propellant fo this environment,

4. CURRENT STATE OF ART: Shake table approval tests; however, the sperj’ied

—vibration test spectrum poorly simulates the actual environment in the motor.
HAS BEEN CARRIED TO LEVEL 1

J. DESCRIPTION OF TECHNOLOGY

The tests now accumplished on flight motors are a series of simulated
vibration environments. What is needed for improved design parameter values
is knowledge of how a solid rocket motor and the viscoelastic propellant
and insulation responds to the Shuttle environment. A model or representa-
tive subscale motor would be selected for this test.

P/L REQUIREMENTS BASED ON: [J PRE-A,[] A,00J B,0J ¢/D

6. RATIONALLE AND ANAIL.YSIS:

a. Not selected yet.
b. All future missions which carry solid motors in the Shuttle: A2,3,4,5.

c. These results should provide for more reliable motors, and better per-
forming designs.

d. Motor models should be instrumented internally to obtain data on the
space Shuttle environment.

REPRODUCIBILITY OF TH.
SRIMNAL PAGE IS POOR

TO BE CARRi{ED TO LEVEL 4
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. £-4

E

1. TECHNOLOGY REQUIREMENT(TITLE): Vibration Test of Solid PAGE 2 OF 4

—

Rocket Motor

7. TECHNOLOGY OPTIONS:

TECHNICAL PROBLEMS:

Design of test models which will give meaningful data diring the first test.

9.

POTENTIAL ALTERNATIVES:

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 1

11.

RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT

| ———————— —

NO, E-4

1. TECHNOLOGY REQUIREMENT (TITLE): \ibration Test of Solid PAGE 3OF _g_
——RBocket Motor

12,

TECHENOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 7517677

78

79]80

81

82]83}84185/86]87|88]89[90]91

5.

TECHNOLOGY
1. Analysis

2. Design
3. Fabrication

4, Test

(]

4.

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
Operations

13,

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

15,

14. REFERENCES:

LEVEL OF STATE OF ART

BASIC PHENOMENA ORSERVED AND REPORTED,
THEORY FORMULATED TO DESCR!BE PIENCMENA,

THEORY TESTED BY PHYSICAL EXPERIMENY
OR MATHEMATICAL MODEL,

PERTINENT FUNCTION OR CHARACTERISTIC DFEMONSTRATED,

E.G., MATERIAL, CONPOMNENT, ETC,

COMPONFNT OR BREADBOARD TLSTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY.
MODEL TESTED IN AIRCRAFT ENVIRONMFENT,
MGDEL TESTED iN SPACE ENVIRONMENT.

OPFRATIONAL MODEL.

. NEW CAPANILITY DERIVED FROM A MUCH LESSER

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

. LIFETIME EXTENSION OF AN OI'LRATION.A', MODEL,
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TITLE _vjbration Test of Solid Rocket Motor NO. E-4
PAGE 4 of 4

COMPARISON OF SPACE & GROUND TEST OPTIONS _

8. SPACE TEST OPTION TEST ARTICLE: Model Solid Rocket Motor and Propellant
—Grain and Insulation

TEST DESCRIPTION : ALT. (max/min) [ km, INCL. deg, TIME hr
Carrv model motor up and down and measure response inside of motor to Shuttle

acoustic and vibration environment.

BENEFIT OF SPACE TEST: Will give environment the motor propellant grain actually
feels and responds to.

EQUIPMENT:  WEIGHT 100 kg, $1IZE 1m X 1m X 1m m POWER unknown KW
POINTING N/A STABILITY N/A DATA Vibration
ORIENTATION N/A CREW:  NO._O__ OPERATIONS/DURATION [

SPECIAL GROUND FACILITIES: None

existing: Yes [ wo[]

TEST CONFIDENCE 75%

9. GROUND TEST OPTION TEST ARTICLE: _None

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES [T} No [

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

‘m—w

10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST (8) COST ($)

1. ANALYSIS

2. DESIGN

3. MFG&C/0

4. TEST & EVAL
TECH NEED DATE

GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS §

12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK §
FT (TDR-2) 7/75
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _Ezf6

—_—

1. TECHNOLOGY REQUIREMENT (TITLE): Propellant Management = PAGE 1 OF _g_

Device Design Parameters at zero -g
2, TECHNOLOGY CATEGORY: Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED: Improve the anslytical tools required

osi 1] iavi | outflow deys

1. CURRENT STATE OF ART: Qply subscale devices can be tested for short times

(£10S). Pressurant diffuser and outflow designs cannot be tested in this
time with accuracy. HAS BEEN CARRIED TO LEVEL 4

o

DESCRIPTION OF TECHNOLOGY

This technology experiment at zero -g would provide data to understand, mod-
el, and design pressurant diffusers; determine effects of contaminants on
surface tension properties of liquid propellants; determine wicking prop-
erties of materials applicable to surface tension device; determine opti-
mum outlet geometry for propellant tanks containing surface tension propell-
ant management device.

P/L REQUIREMENTS BASED ON: [J PRE-A,[] A,[0 B,[J ¢/bD
6. RATIONALF AND ANALYSIS:

a. Surface tension data is obviously needed if one is to design a propell-
ant management device based on that physical property and to ensure positive
phase separation,

b Missions A 1, 3, 4, 5.

c. Based upon this advanced mission reliability and lifetime will be en-
hanced.

d. Represents a reliability upgrading by increasing confidence level of
initial design,

TO BE CARRIED TO LEVEL g _
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.E-§

a—— ———

TECHNOLOGY REQUIREMENT(TITLE): Propellant Management DevicPAGE 2 OF g4

Design Parameters at zero -g

. TECHNOLOGY OPTIONS:

Through space experiments, an anticipated increase of approximately one order
of magnitude in design information regarding surface tension device character-
istics would result,

.

8. TECHNICAL PROBLEMS:
None
Y. POTENTIAL ALTERNATIVES:

Continue current way of designing and accept the uncertainties and accept the
use of less efficient designs.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

No flight tests are planned and left unperturbed, the technology will not
advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 4

11.

RELATED TECHNOLOGY REQUIREMENTS:

None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO., E-6 §

— = — — — - 3

1. TECHNOLOGY REQUIREMENT (TITLE): Progellant Managenent . PAGE 3OF _4_ §

. . } ;

—Device & lesign Parameders ak zara =g {

12. TECHNOLOGY REQUIREMENTS SCHEDULE: §
CALENDAR YEAR

SCHEDUI.E ITEM 75176 77|78 |79]80|81|82|83|84|35]86]87|88]| 89|90 |91 f‘

TECHNOLOGY i

1. Analysis of Design

2, Fabrication

3. Ground checkout test

4, Flight test & docu-
mentation —_—
5.

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

1

'TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES

14. REFERENCES: 3

it e ks

OF THE ]
RODUCIBILITY ,
R SQVAL PAGE IS POOR |

i
15. LEVEL OF STATE OF ART 8. COMPONENT OXt BREADBOARD TESTED IN RELEVANT :

ENVIRONMENT IN THE LARORATORY.
6. MODEL TESTED 'N AIRCRAFT ENVIRONMENT.

S TR

1. BASIC PHENOMENA ORSERVED AND REPORTED.

2. THEORY FORMULATED TO DESCR!BF. PHENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT. k'

3. THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARMILITY DERIVED FROM A MUCH LESSER %
OR MATHEMATICAL MODEL, OPERATIONAL MODEL. b

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRADING OF AN OPERATIONAL MODEL, _
E.G., MATEKRIAL, COMPONENT, FTC, 10. LIFETIME EXTENSION OF AN OI'LRATION.A MODEL, %
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TITLE Propellant Management Device Design Parameters at zern =g NO.

PAGE 4 3r 4

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION

TEST ARTICLE: A modular package inside of Shuttle con-

taining elements reguired to megsu Ui

interface,
TEST DESCRIPTION : ALT. (max/min) [ km, INCL. ___ deg, TIME b
BENEFIT OF SPACE TEST:
EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /
SPECIAL GROUND FACILITIES:

existing: Yes ] w~o[]
TEST CONFIDENCE 99%
9. GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES: Ng_way to compete with space test capabilitiess

EXISTING: YES [T} NO O

GROUND TEST LIMITATIONS: _Gravitational effects, short times in drop towers, end
TEST CONFIDENCE 75%
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK (1'% COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

FT{TDR-2) 7/7%
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _E-T

{. TECHNOLOGY REQUIREMENT (TITLE): _Thruster Inducgd Back PAGE 1 OF 4__

Contamination
2. TECHNOJ.OGY CATEGORY: Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Determine back-contamination, in

in _region ond where
current theories predict plume location,
4. CURRENT STATE OF ART: Low thrust (0.1 1bf) moncpropellant hydrazine have

been tested under laboratory conditions and some back-contamination has been

—_measured, HAS BEEN CARRIED TO LEVEL 5_

3. DESCRIPTION OF TECHNOLOGY

Currently, only small €5 1lbf can be tested in the laboratory and the test
facility itself imposes conditions such as back pressure and temperature
induced by the plume. To fully map the plume and determine the back-
contamination by placing both sensors and sensitive sample materials in

the plume and back-flow region essentially a "zero" back pressure is needed.
Thus, the critical parameter to be measured, plume flow, is limited by back
pressures and thus the limiting variable must be eliminated.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,(O B,[J ¢/D

6. RATIONALF AND ANALYSIS:

a. Since thrusters of concern operate in space, it will be highly valuable
to determine the plume map and hence the back-contamination under the actual
conditions of "zero back pressure" as opposed to laboratory imposed con-
straints of 107 higher with larger thrust will adequately simulate actual
operating conditions.

b. This experiment would benefit missions in classes Al, 3 through 6 and B.

c. The results of this experiment 'wjuld provide the spacecraft or satellite
designer with tools he does not currently have to locate critical sensors
and/or surfaces away from the thruster so that they would not be adversely
affected by the thruster during firing and to modify thruster designs to
reduce back-contamination,

d. By determining the plume location under the real conditions of space,

ths accuracy of the current model would be improved by at least two orders
of magnitude,

TO BE CARRIED TO LEVEL _8
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-7

=

1. TECHNOLOGY REQUIREMENT(TITLE):Thruster Induced Back PAGE 2 OF 4
Contamination

7. TECHNOLOGY OPTIONS:

Through the use of a space experiment, new plume models could be developed
which would improve the prediction of plume location in far-flow field

(Z 90 from center line) of at least 2 orders of magnitude, and therefore,
a significant inerease in knowledge regarding contamination would result,

8. TECHNICAL PROBLEMS:

Virtually the same technology to determine plume flow in both near and far
field and contamination measurements could be used in space as is used in
laboratory testing. Therefore, no significant technical problems exist.

Y. POTENTIAL ALTERNATIVES:

Contirued ground tests with their inherent, limiting constraints,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Current NASA technology is described in part of RTOP 506-24-24, The Air Force
is alco supporting the work. Both are ground tests and analyses only,

If NASA were to eliminate its resources, the technology would be slowed down
by a factor of 50% on ground-testing. If the Air Force also did not support

flight test, technology would not advance @ XpECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

Real-time sensors would enhance test resultse.
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DEFINITION OF TECHNOLOGY REQUIREMENT

rettes g

1.

NO, E-7

TECHNOLOGY REQUIREMENT (TITLE): Ihruster Induced Back  PAGE 3OF _4_

-Lontamination

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]78]79]|80|81

82[83|84|85186]87]88]89|90

91

1.
2,
4-
5.

TECHNOLOGY

Analysis & Design

Fabrication

Ground Verification
test -+

Flicht test & verifi-
cation

1.
2,
3.
4.

APPLICATION

Design (Ph. C)
Devl/Fab (Ph. D)
Operations

13.

USAGE SCHEDULE:

TECHNOLOGY NEED DATE

-
TOTAL

NUMBER OF LAUNCHES

14.

15,

REFERENCES:

LEVEL OF STATF OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED.

2. THEORY FORMULATED TO DESCRI!BF. PHENOMENA.

3. THEORY TESTED BY PHYSICAL EXPERIMENT
OKR MATHEMATICAL MODEL,,

4. PERTINUNT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPOMENT, ETU,

COMMONFNT OR AREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY,
MODEL TESTLD IN SPACE ENVIRONMENT,

OPERATIONAL MODEL,

. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
. NEW CAPAMLITY DLRIVED FROM A MUCH LESSER

. RELIARLITY UPGRADING OF AN OPERATIONAL MODEL,

LIFETIME EXTENSION OF AN OF'LRATION.\!. MODEL,

.
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TITLE Thzuster Induced Back Contamination NO.__ E-T
PAGE 4 of 4

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: Modular propulsion system and sensors de=
loyed outside th s
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST: Eliminate the limiting variable of back pressure. Require a

vacuum of ;_JO-12 tors.

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/OURATION /

SPECIAL GROUND FACILITIES:

existing: ves [ no [T

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: Modular propulsion system with sensors

provided inside the test chamber,

TEST DESCRIPTION/REQUIREMENTS: Thrusters and sensors mounted in test chambers.
Thrust levels up to 500 1bf to be tested and megsurements taken,

SPECIAL GROUND FACILITIES: Very large (on order of 100 ft, in diameter) liquid

helium cooled, large pumping capacity vacuum chamber,

) EXISTING: YES [} NO

GROUND TEST LIMITATIONS: Size and type of thruster to be tested and back pressure.
TEST CONFIDENCE 80% T
P"———'_-——_T
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cYy COST (8) COST (8)
1. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § __ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK §

FT(TDR-2) 7/75
191
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DEFINITION OF TECHNOLOGY REQUIREMENT No, E-8

TECHNOLOGY REQUIREMENT (TITLE): Supercritical Combustion PAGE 1 OF 4_

Measurement in zero =q

4

-

.

TECHNOLOGY CATEGORY: Propulsion

OBJECTIVE/ADVANCEMENT REQUIRED: Establish supercritical droplet
evaporation/combustion rates and flemmability limits of liquid bipropellants,

CURRENT STATE OF ART: The_above has only been attempted on ithe ground
wherein the gravitational forces impose great experimental difficulty.

HAS BEEN CARRIED TO LEVEL 2_

 eemma— e _—_______________ |

1.

DESCRIPTION OF TECHNOLOGY

Gravitational forces would be eliminuted as a disturbing influence on the

measuzements of evaporation rates and flammability limits of liquid propell-
ants in the critical reqgion., At least one order of magnitude improvement in
rrediction of diffusion rate should be obtained over that obtained by current

techniques for inputs to computerized combustinn models for performance pre-
diction,

P/L REQUIREMENTS BASED ON: [J PRE-A,[0 A,(0 B,Q C/D

.

RATIONAL LK AND ANALYSIS:

a. Evaporation (vaporization) rate are critical inputs to performance model-
ing and have first order effects on results when working near the ¢ itical
region,

be A 1-6

ce With this information rocket engine design and testing could be reduced,
resulting in a cost savings,

de Needs to be carried to a point wherein the above input is not required
from engine tests,

EPRODUCIBILITY OF THE
GEISINAL PAGE I8 POOR

TO BE CARRIED TO LEVEL _§
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.E-3

—

— |

p—

—

TECHNOLOGY REQUIREMENT(TITLF): Suvezcritical Combustion PAGE 2 OF 4_

Measurements in zero -g

TECHNOLOGY CPTIONS:

The improvements in measurements of evaporation rate. and flammability limits
are expected to increase by at least one order of magnitude which in turn will
increase accuracy of performance prediction at least 25%., This improvement
will reduce the number of hardware tests to be conducted by at least 307.

TECHNICAL PROBLEMS:

The development of the apparatuse.

POTENTIAL ALTERNATIVES:

Continue ground testings with their inherent inaccuracies.

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

For all intents and purposes there is no on-going technology effort, even
ground based, because of the drastic funding reduction in combustion research,

Without NASA resources, technology will not advance,

EXPECTED UNPERTURBED LEVEL 2

11.

RELATED TECHNOLOGY REQUIREMENTS:

None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, t-8

=

1.

TECHNOLOGY REQUIREMENT (TITLE): Susercritical Combustion PAGE 3 OF _4

Measurements in zero -g

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176 177]178179]80]81]82183]84]35|86{87|88]|89]90}91
TECHNOLOGY
1. Analysis/Design
2, Fabriratiun
3. Ground Test Checkout
4. Flight Test & Documen-
tation
5.
APPLICATION
1. Design (Ph. C)
2. Devl/Fab (Ph. D)
3. Operations
4.
13. USAGE SCHEDULE:

TECHNOILOGY NEED DATF

-
TOTAL

NUMBER OF LLAUNCHES

11. REFERENCES:;
15. LEVEL OF STATE OF ART 8. COMPONFNT OR RREADBOARD TESTED IN RELL VANT
ENVIRONMENT IN THF LARORATORY, N
1. BASIC PHENOMENA OBSERVED AND RFPORTLD. 6. MODEL TESTED IN AIJRCRAFT ENVIRONMENT,
2, THEORY FORMULATED TO DESCR!BE PIII KOMENA, 7. MODEL TESTLD IN SPACE ENVIRONMENT.
3. THYORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPAMLITY DLRIVED FRUM A MUCH LESSER
OR MATIEMATICAL MODEL, OPERATIONAL MODEL,
4. PLRTINENT FUNCOTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIARII'TY UPGRADING OF AN OPERATIt WAL MODEL, .
E.G., MATERIAL, COMNPOMENT, ETC, 10. LIFETIME EXTENSION OF AN OI'LRATICNA, MODFL.,
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TITLE Combyustion Measurements in zerg -g NO. f.g

PAGE 4 2f 4

COMPARISON OF SPACE & GROUND TEST OPTIONS

SPACE TEST OPTION TEST ARTICLE: Package containing provision for gas analy-

ol £l | | | hiol | nhot ;

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST: £liminate gravitations effects which cloud the mpasurements.
——aof diffugion ratese

EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: Ngne

existing: Yes [] wo[]

TEST CONFIDENCE ___959%

GROUND TEST OPTION  TEST ARTICLE: Essentiglly same as above, but smaller and/
——Aar separaie packages.

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES: Drop tower

EXISTING: YES L__] NO D

GROUND TEST LIMITATIONS: _ very short time duration (X 10s)

TEST CONFIDENCE 50%

[ coark vecr moriom . U ~oriin;e vcor nomimma
10. SCHEDULE & COST SPACE TEST OPT!ON GROUND TEST OPTION
TASK Ccy COST (8) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG&C/0
4, TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK § o
FT(TDR-2) 7/75
195
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. £-9

1. TECHNOLOGY REQUIREMENT (TITLE): Pulse Characteristics PAGE 1 OF _4_

of Small Thrusters
2. TECHNOLOGY CATEGORY: _Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED: Improve the resolution of thruster
—_impulse bit measurenent,

i. CURRENT STATE OF ART: Nuparaus types of thrust balances are currently be-

ing used for measuring thrust in the range of 0,5 lb to 1,0 lb., All have
_ pxoblems of environmental noise & frequency. HAS BEEN CARRIED TO LEVEL_&
3. DESCRIPTION OF TECHNOLOGY

The experiment is to refine the measurement of impulse bit shapes and create
a "standaxd" engine for standardization of measurements on ground-based thtrust
balances, It is accomplished by firing thruster (s) on a free-flying plat-
form and taking measurements from an inertial reference.

P/L REQUIREMENTS BASED ON: [J PRE-A,J A,[J B,0J ¢/D
6. RATIONALFE AND ANALYSIS:

a. Increased precision in the measurement of small impulse bit profiles is
needed to take advantage of the potential precision inherent in present sensor
control logic technology.

b All on orbit operational spacecraft utilizing expanding gas thrusters fox
attitude control would benefit,

ce All spacecraft utilizing attitude control thrusters in the low millipound
thrust range and below would benefit from a more accurate knowledge =f impulse|
bit characteristics from the standpoint of precise matching of foxrce to con-
trol requixement and the related fuel savings.

Resolution of impulse bit profile in ground test is limited by environme.i-
tal noise and ground related design weaknesses of the thrust balance itself,

de The data are compared to ground test data to permit better interpretatior
of the latter and to develop filtration/mathematical techniques applicable to
octher thrusters,

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-9

——
— e —

—_— s

e

Y,

1., An inerticzl reference of sufficient stiffness and sensitivity.

2. Noise introduced by propellant valve operation,

1. TECHNOLOGY REQUIREMENT(TITLE): Pulse Chargcteristics of PAGE 2 OF 4
Small Thrusters

7. TECHNOLOGY OPTIONS:

8. TECHNICAL PROBLEMS:

POTENTIAL ALTERNATIVES:

None

Technology will not advance without NASA resources.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL 5

11.

RELATED TECHNOLOGY REQUIREMENTS:

Inertial reference.
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l DEFINITION OF TECHNOLOGY REQ

UIREMENT NO, E-9

—————

Small Thrusters

—————

|. TECHNOLOGY REQUIREMENT (TITLE): Pulse Characteristics of PAGE 3 OF _4_

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

3.
4. Flight
5.

CALENDAR YEAR
SCHEDULE ITEM 75176 ]177}78]79]80181|82183]84|35{86]|87]188|89|90}91
TECHNOLOGY
1. Analysis/Design |
2. Fabrication
Test
———

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15, LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED.,
2. THEORY FORMULATEL TO DESCRIBF. PIIENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,.

PERTINENT FUNCT(ON OR CHARACTERISTIC DEMONSTRATED,

-
.

E.G., MATERIAL, COMPOMNENT, ETC,

8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN T4t LARORATORY.

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

7. MODEL TESTLD IN SPACE ENVIRONMENT.

8. NEW CAPANILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL.,

10. LIFETIME EXTENSION OF AN OFLRATION.A'. MODEL,
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TITLE _Pulse Characteristics of Small Thrusiers NO E-9

PAGE 3 of 4

COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE: Thrust Measurement System
TEST DESCRIPTION : ALT. (max/min) / km, INCL deg, TIME hr
Measure impulse bit thrust profiles on an inertially referenced platform,
BENEFIT OF SPACE TEST: Elimination of environmentally introduced noise in the
measurements.
EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kW
POINTING STABILITY DATA
ORIENTATION CREW: NO. OPERATIONS/DURATION /
SPECIAL GROUND FACILITIES: None
existing: Yes [ ~o[T]
TEST CONFIDENCE 0%
9. GROUND TEST OPTION TEST ARTICLE:
TEST DESCRIPTION/REQUIREMENTS: _None known for very small impulse bit systems,
SPECIAL GROUND FACILITIES:
EXISTING: YES [} No []
GROUND TEST LIMITATIONS:
TEST CONFIDENCE
m
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cyY COST ($) COST '
1. ANALYSIS
2. DESIGN
3. MFG&C/0
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § {SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK $ .
F1(1DR-2) 7/75 -
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _E=10

1. TECHNCLOGY REQUIREMENT (TITLE): _Flight Test of CampositePAGE 1 OF _a
Engine
2. TECHNOLOGY CATEGORY:Pp ion

3. OBJECTIVE/ADVANCEMENT REQUIRED: Verification test of large scale com-
. . I o . {ng St le Ochi F1i

vehicle,
I. CURRENT STATE OF ART: Subscale ground tegts to bypersonic engine (HPE)
l l leted at Lewi | : iete of apall size ]
done at Marquardt, HAS BEEN CARRIED TO LEVEL 4

3. DESCRIPTION OF TECHNOLOCY

Flight tests of full scale composite engines suitable for use on an HTOHL two-
stage fully reusable Shuttle-type vehicle. Facilities do not exist for ground|
test of large composite engines at high Mach numbers because of the large
flow-rate of heated air needed. Shuttle Orbiter could be employed as a fly-
ing test bed for flight tests at cruise mode conditions similar to the planned
X-24 program.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0 A,[0 B, ¢/D

6. RATIONALIL AND ANALYSIS:

Qe N/A

be Applications of large composite engines are to HTOHL Shuttle-type vehicles
for low cost transpurt of payloads to low earth orbit.

ce Flight test is needed to provide verification of the complete composite
engine system at proper operating conditions of Mach number and inlet air
conditions,

de Flight verification test of full scale composite engine using Shuttle
Orbiter stage as flying test bed. Test cannot be defined precisely until
engine type and configuration are selected. May require a dedicated Orbiter
with considerable modification for launch using carrier aircraft 747 or
modified booster (SPB) and ET to abtain proper altitude and speed to start
composite engine,

TO BE CARRIED TO LEVEL 7_

REPRODUCIBILITY OF THE
PDRIGINAL PAG: 18 prver
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-10

v —

—

TECHNOLOGY REQUIREMENT(TITLE): Flight Test of Composite PAGE 2 OF 3

Engine

TECHNOLOGY OFTIONS:

Many options exist in design of the composite engine (air turborocket, ramjet,
scramjet, etc.) and the integration of the engine with Orbiter for flight test
Simplest arrangement would be storage of the engine within the cargo bay and
deployment at altitude. This may not be feasible because of inlet design,
problems of deploying engine, and making Orbiter aerodynamically clean and
stable, Alternate approach would be modification of Orbiter to integrate
engine on bottom of vehicle.

TECHNICAL PROBLEMS:

Problems involved include modification of Shuttle for launch and for integra-
tion of engine with Orbiter vehicle, Also, ability of Orbiter to withstand
the aerodynamic heating for cruise flight at high Mach number and control of
the vehicle are important problems.

Y.

POTENTIAL ALTERNATIVES:

Alternative to flight test is ground test of full scale composite engine. No
facilities exist presently that are capable of supplying the large quanities
of air heated to high temperature and the capital investment would be quite
large for such a facility.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Unperturbed Program - Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 4

11.

RELATED TECHNOLOGY REQUIREMENTS:

Comprehensive technology program needed on composite engines to bring them

to the level of maturity necessary before flight testing will be required.
This program is described under Propulsion - Definition of Technology Require-
ment number IA (1)K,
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO, E-10 :J

| ——————— e —— — ——e e et
1. TECHNOLOGY REQUIREMENT (TITLE):flight Test of Compgsite PAGE 3 OF _3
Engine

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

75]76

77

78

79

80

81182183]84|35|86}87]88]89]90]91

TECHNOLOGY

1. %gg%ne Design/Fabrica-

2. Orbiter Analyses, Re-
design, Modification

3. Flight Test Program
4,

5.

APPLICATION
1, Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:;

'TECHNOLOGY NEED DATE

—
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

OR MATNEMATICAL MODEL,

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED,
2, THEORY FORMULATED TO DESCR!BF. PIIENOMENA,
3. THEORY TESTLD BY PHYSICAL EXPERIMENT

4. PERTIMENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERRIAL, COMPONENT, ETC,

B. COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

$. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

7. MODEL TESTED IN SPACE ENVIRONMENT,

8. NEW CAPANLITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

10, LIFETIME EXTENSION OF AN OFLRATION.AL, MODEL,
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TITLE Flight Test of Composite Engine

COMPARISON OF SPACE & GROUND TEST OPTIONS

SPACE TEST OPTION TEST ARTICLE: _ Shuttle podified ed for £11a
of full scale composite (rocket/air breather) engine at proper conditions of

altitude and mach number,

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME _hr

Orbiter with composite engine for test would be carried aloft hy 747 aircraft
or launched by smaller SRB's t9 obtain proper altitude and Mach number.

BENEFIT OF SPACE TEST: Large scale composite engine can be tested at proper condi-
tions to provide full verification of performance and controllability,
EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw

POINTING STABILITY DATA
ORIENTATION CREW: NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: | aunch pad if vertical take off mede emplaoyed or runway
for horizontal takeoff if 747 aircraft to carry Crbiisr EXISTING: YES D N(‘rj

aloft, TEST CONFIDENCE ____ _.;J

. o=

GROUND TEST OPTION TEST ARTICLE: Full scale composite engine, such as ram-

jet, scramjet, or air turborocket,
TEST DESCRIPTION/REQUIREMENTS: Long duration tests at full thrust; throttling tests

start-up and shutdown tests.

SPECIAL GROUND FACILITIES: Test facility must provide large flow rate of air heated

to _high temperatures to simulate proper conditions of Mach number and altitude
EXISTING: YES D nO X -

GROUND TEST LIMITATIONS: No facilities presently exist for full scale composite
gngine test, Investment cost would be very high for such a facility

TEST CONFIDENCE

10.
TASK cYy COST ($) COST (3}

SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

1. ANALYSIS

2. DESIGN

3. MFG& C/0

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL

1"

VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $

12.

DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

FT(TDR-2) 7/75
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, __E-12

TECHNOLOGY REQUIREMENT (TITLE): Sublimation Properties  PAGE 1OF 4 _

TECHNOLOGY CATEGORY: Pzropulsion

OBJECTIVE/ADVANCEMENT REQUIRED: Better prediction of gsublimation rates
and heat transfer in the absence of gravity effects.

CURRENT STATE OF ART:fraam iped from lagb iment.

HAS BEEN CARRIED TO LEVEL 31

DESC RIPTION OF TECHNOLOGY

Appropriate tanks containing candidate propellants cooled to the solid state
are tested in the laboratory to establish baseline performance for comparison
with subsequent similar tests carried out in the zero -g space environment,.
Typical propellants to be considered are methane and ammonia.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A, B,00J C/D

6.

RATIONALF AND ANAL YSIS:

as Gravitational effects of convection and forced contact of the solid with
the container are not succeptable to reascnable calculation when attempting
to extropolate to calculation of heat transfer/sublimation rates in zero -g
so experimental data in that ervironment is needed for design calculations,

be The primary missions to which this concept is addressed are earth orbital
spacecraft with electromagnetic spectrum sensing capabilities.

Ce One cf the simplest sensor cooling methods proposed by designers, uses a
subliming frozen gas or liquid, The sublimed gas could serve as a propellant
for the attitude rontrol system thus permitting a combined function system
with the attendant simplification of S/C design, reduction of total mass on
board, and attendant cost savings.

de Sufficient data on the storage/sublimation properties of candidate p~opell]
ants must be obtained from a testing in space to pexmii concept evaluation an
system design.

L

TO BE CARRIED TO LEVEL 7

ODUCIBILITY OF ThHb
204 R AJONAL PAGE I8 POOR
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% DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-42
smeema—— — m———]
1. TECHNOLOGY REQUIREMENT(TITLE): Sublimation Properties of PAGE 2 OF 4
Solidified Propellants
7. TECHNOLOGY OPTIONS:
8. TECHNICAL PROBLEMS:
Establishing a valid scaling mocel from limited data. Technique for measuring
very low sublimation rates may be & proclem,
9. POTENTIAL ALTERNATIVES;
Overdesign systems utilizing the principle and provide ccmmandable auxiliary
heat input to compensate.
10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
Tecknoloyy will not advance without NASA resources.
EXPECTED UNPERTURBED LEVEL 1
11. RELATED TECHNOLOGY REQUIREMENTS:
None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-12 i
1. TECHNOLOGY REQUIREMENT (TITLE): Sublimation Pronerties PAGE 3 OF 4__ %
- colidifind Propellani g
12, TECHNOLOGY REQUIREMENTS SCHEDULE: 3
CALENDAR YEAR _ )
SCHEDUL.E ITEM 75]176]177178]79180(81]82]|83|84]35|86]|87]88189[90]91 1 .
TECHNOLOGY :
1. Analysis/design !
2., Fabrication — i
3, Ground test 4
4, Space test | l
5. %
APPLICATION .
1. Design (Ph, C) —
2, Devl/Fab (Ph. D) —_1
3. Operations
4, ?
-1
13. USAGE SCHEDULE:
T
TECHNODI.OGY NFED DATI. TOTAL
NUMBER OF LAUNCHES ]
14. REFYERENCES: )
#
REPRQDUCIB“»%OSO'S%E |
ORIGINAL PAG
\f
15. LEVEL OF STATE OF ART 8. COMPMONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIKONMENT IN THE LARORATORY,
1. BASIC PMENOMENA ORSERVED AND RFPORTED. 6. MODEL TESTED IN AIRCRAFT LNVIRONMFENT,
2, TUEORY FORMULATED TO DESCR!BF, PHEYNOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THFORY THSTED BY PHYSICAL EXDPLRIMENT 8. NEW CAPAISLITY DLRIVED FROM A MUCH LESSER ‘
OR MATHEMATICAL MODE L., OPERATIONAL MODEL. : .
4. PLRIIMNENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIAML' ¥ UPGRADING OF AN - 'PERATHNAL MODEL, <L
F.G., MATENIAL, CONPOMENT, ETC, 10, LIFETINE EXTENSION OF AN O _RATION \!. MODEL.,

“xi«m /-
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TITLE sublimation Properties of Salidified Propellants NO. fo12

PAGE 4 (& l: 4
COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE: Cantainer of solidified prapellants
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
—Measure sublimation charactezistics of selected golidified propellants in
e———28X0mg-snuironnent
BENEFIT OF SPACE TEST: Lliminatign of gravity effects on begt transfer and macss
¥ (buti i the tank
EQUIPMENT: WEIGHT ko, SIZE X X m, POWER kW
POINTING STABILITY DATA
ORIENTATION CREW: NO. OPERATIONS/DURATION i
SPECIAL GROUND FACILITIES: Experiment GSE reguired,
existing: ves [ w~o[]
TEST CONFIDENCE
9. GROUND TEST OPTION TEST ARTICLE:
TEST DESCRIPTION/REQUIREMENTS: _Information needed is directly linked to space
——anuiraoment so ground test option does not exist, —_—
SPECIAL GROUND FACILITIES:
EXISTING: YES [(] No [
GROUND TEST LIMITATIONS:
TEST COMFIDENCE
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPVION
TASK CcYy COST (8) COST {$)
1. ANALYSIS
2. DESIGN
3 MFG&C/O
4. TEST & EVAL ;
TECH NEED DATE )
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK $ .

FTITDR-2) 2/75
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _E-13

1. TECHNOLOGY REQUIREMENT (TITLE): flight Test with Solar PAGE 1 OF _4_
Electric Propulsion Thrust Subsystem

2. TECUNOLOGY CATEGORY: Propulsion

5. OBJECTIVE/ADVANCEMENT REQUIRED: i m performance,
and characterize the interfaces, lifetime, and reliability of a solar elec-
tric primary promiilsion sysiema.

. CURRENT STATE OF ART: Ihgzuster developed to engineering model status_and
gther thrust subsystem elements developed tu at least functional demonstra-

__ tion_status, HAS BEEN CARRIED TO LEVEL 5

DESC RIPTION OF TECHNOLOGY

The first flight might be ei:her a2 long term test on a low cost free-flying
test bed launched from the Shuttle or a dedicated satellite launched to out-
of-the-ecliptic from a Shuttle-IUS. The thrust subsystem would contain 30
cm mercury bombardment thrusters, power processors, thrust vectoring mecha-
nisms, electrically isclated propellant supply and distribution system,
thrust subsystem controller, solar array, attitude control system, and
appropriate scientific and engineering data systems.

The test bed option would serve to define thrust subsystem performance para-
meters, interfaces, and lifetime and reliability. The free-flying sateliile
op ion would accomplish these engineering and technology goals as well as
cbtain scientific data.

P/1 REQUIREMENTS BASED ON: [J PRE-A,[J A,00 8,00 ¢/D

6

RATIONALF AND ANALYSIS:

a) The value of I , of 3000 seconds is near optimum for this and a large
set of other missions based on projected values of the specific mass of
solar arrays and other thrust subsystem elements. The use of mercury pro-
pellant provide maxiwum thrust to power ratios of importance for power
limited, performance critical missions.

b) In general, high energy missions such as comet rendezvous, out-of-eclip-
tic, low earth to geosynchronous orbit transportation and on-orbit opera-
tions of very .arge space systems are strongly .enefited by the use of high
specific impulse, high performance, propulsion systems.

¢) With reasonatle payloads, use of electric propulsion extends the
achievable heliocentric inclination from about 50” to 909, can provide for
accurate trajectory shaping, strongly increase payloads for high energy
missions, and relax launch wirdow opportunity constraints.

d) This technology should be demonstrated via an out-of-ecliptic missian
launched from an early Shuttle-IUS flight or on a low cost test bed in near -
earth environment.

TO BE CARRIED TO LEVEL _(

REPRODUCIBILITY OF THE
208 ORIGINAL PAGE IS POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-13

———
S ——

1.

E] e Proguloion I ;

———

TECHNOLOGY REQUIREMENT(TITLE): Flight Test with Solax PAGE 2 OF 4,

TECHNOLOGY OPTIONS:

Variation of the specific impulse within a factor of two could be provided
with little change in baseline technology. Operation of the high voltage
and discharge power supplies directly from the array (without power con-
ditioning) could lead to a significant (= 15 percent) reduction in thrust
subsystem mass., The potential exists for the operation of the thrust sub-
system from advanced power sources, such as nuclear thermionic, with no
change to baseline technology except in the power processing elements., The
modular concept utilized throughout the thrust subsystem allows for large
increases in system power without major technology impact.

o

TECHNICAL PROBLEMS:

1) The target of 12 kg/kwe (exclusive of paower system) is expected to be
difficult to achieve.

2) The control and possible interacticns of the solar array w:th ambient
plasma are potential difficulties.

9.

POTENTIAL ALTERNATIVES:

1)

2)

Use of electron-bombardment thrusters using light fuels instead of mercury

Use of magnetoplasmadynamic (MPD) thrusters at reduced specific impulse.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTIP

No e

506- 22-30 Prime Propulsion lon Thruster Technolagy

xperiment would be expected without NASA resources.

EXPECTED UNPERTURBED LEVEL ___

11.

RELATED TECHNOLOGY REQUIREMENTS:

Guidance, Navigation, and Control of Low Thrust Systems.

Stru

Ther

ctural Dynamics of large, flexible spacecraft.

mal control of large power systems,

209
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L DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-13

1. TECHNOLOGY REQUIREMENT (TITLE): Flight Test with Solar PAGE 3OF _4_

Fleciric Propulsion Thrust Suybsysien

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 7576 | 77] 78| 79] 80|81 ]82] 83 84| 35|86 ] 8788 ] 89 90|91

TECHNOLOGY

1. Analysis/Design .

2. Fabrication

3. Test

4. Documentation

5.
APPLICATION

1. Design (Ph. C)

2. Devl/Fab (Ph. D)

3. Operations

4,

13. USAGE SCHEDULE: ‘
TECHNOLOGY NIED DATF. ] TOTAL

NUMBER OF LAUNCHES |

14. REFERENCES:

1. Outlook for Space. A Forecast of Space Technology. July 15, 1975,

15. LEVEL OF STATE OF ART 3. COMPONFNT OR RREALBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LABORATORY,

1. BASIC PHENOMENA ORSERVED AND RFPORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.

2. THEORY FORMULATED TO DESCRIBE PHE NOMFNA, 7. MODEL TESTLD iN SPACE ENVIRONMENT.

3, THEORY TESIFD BY PHYSICAL EXPRRIMENT 8, NEW CAPABILITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAI MUDLL.

4. PERIININT FUNCTION OR CHARAUTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRADING OF AN OPERA IONAL MODEL,
F.G., MATERIAL, COMPOMNENT, E1C, 10. LIFETIME EXTENSION OF AN OI'LRATION \!, MODF L.,

210
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TITLE Flight Test with Solar F1 (o P lsion I L Sut | NO. E-13
PAGE 4 «f 4

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: Eree=flying salar electric propulsion thrust

subcsystema

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME1 5, 00G_ hr

BENEFIT OF SPACE TEST: \erify ground hased performance ang interface measurements
ad 5L i’di bisilini £°= ﬂl‘tﬁnsign Qf a"spt:ic p:ap“lsim

EQUIPMENT: WEIGHT kg, SIZE X X m,POWER 12-30 kW
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

existing: Yes ] w~o[]

TEST CONFIDENCE ___0.95

9. GROUND TEST OPTION TESTARTICLE: Thri ot sihsystem -ithout solar array system

ar functioning attitude control sysiem.

TEST DESCRIPTION/REQUIREMENTS: Integration and life test of thrust subsystem, .

SPECIAL GROUND FACILITIES: _ /. large vacinm facility with mercury (or other high

vapor pressure material) target for long term testing,
EXISTING: YES D NO m

GROUND TEST LIMITATIONS: Cannot test system with deployed solar array. Cannot

accurately simulate GN C operation or all thrust subsystem interfaces.

TESTCONFIDEN 0.75
S T | e e |
10. SCHEDULE & COST SPACE TEST OPTION GROUNL .FST OPTION
TASK cy COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/0
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § {SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

-—-Solar Array Contronl_and Interactions .

COSTRISK$

T1TODR N 15
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _E=14

1. TECHNOLOGY REQUIREMENT (TITLE): Flight Tests of Low PAGE 1 OF _4_

— Malecular Weight Propellant Bombardment Thruster
2. TECHNOLOGY CATEGORY: Pronulsian

3. OBJECTIVE/ADVANCEMENT REQUIRED: _Verify performance parameters, inter-

i i ] ritical technolo

for potential application to MPD thruster systems.

4. CURRENT STATE OF ART: Low molecular weight propellant thruster operaticn
—demonstrated with several thruster types.

HAS BEEN CARRIED TO LEVEL 4 _

J. DESCRIPTION OF EXPERIMENT

First flight would be a pallet mounted light fuel bombardment thruster test.
Prototype thruster, propellant supply and distribution system, thrust vector
mechanisms, and thrust control system would be utilized., Thruster perfurmancq
parameters and interfaces would be characterized by normal spacelab test.

A subsequent test with a free-flying low cost test bed launched from the

shuttle would be used to verify critical element lifetime and provide input
for MPD thruster system requirements.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0 A,[0 B,0J ¢/D

6. RATIONALE AND ANALYSIS:

a. Selection of thruster design for operation between about 4,000 and 10,000
seconds specific impulse would satisfy the optimal system requirements for
both low earth orbit to geosynchronous transportation and geosyrchronous on-
orbit operations of very large space structures. Froupellant supply system

and thrust vectoring equipment would be selected to be compatible with nucleaq
power system and/or MPD thruster system requirements.

b. Low earth to geosynchranous transportation and on-orbit opera*.on of very
large space system,

c. As an example, the use of a 4,000 second specific impulse propJlsion
system at projected efficiencies should increase the shuttle earth to
geosynchronous payload capability by more than a factor of four.

de This technology should be carried to an experimental demonstration on an
early shuttle flight followed by a free-flying experiment also launched from
shuttle,

TO BE CARRIED TO LEVEL _7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-14

— |

1.

—Malecular Weight Propellant HBombardment Thrusiex Subsystem

—— t——

TECHNOLOGY REQUIREMENT(TITLE): Flight Test of Low PAGE 2 OF 4_

7. TECHNOLOGY OPTIONS:
First test options could include variation of power source characteristics
to simulate a nuclear power system and the extension of the thruster system
on long booms to abtain data relevant to the control of large flexible space
structures. Operation on various light fuels would allow simulation of the
use of indigenous space or planetary materials.

8. TECHNICAL PROBLEMS:

1, Achievement of a high efficiency, long life, light fuel thruster would
require some redesign of the baseline mercury bombardmer.c systems.

2. Devzlopment of a light weight propellant supply and distribution system,

g,

POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-22-40 "Iorn Thruster Research"

No flight would occur without NASA resources.

EXPECTED UNPERTURBED LEVEL _4

A T R

11.

RELATED TECHNOLOGY REQUIREMENTS:
Guidance, Navigation, and Control of large flexible spacecraft.
Struc*ural dynamics of large flexible spacecraft.

Advanced thermal control and power distribution technology.
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO. E-14

————

1. TECHNOLOGY REQUIREMENT (TITLE): flight Test of Low

—— |

Molecular Weight Proneliant Bomhardment Thruster Subsvet

PAGE 3 OF _4

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

75

76

77

78

79180

81)82]83/84|35]86]87]88}89

90

91

TECHNOLOGY
1. Analysis/Design

2. Fabrication

3. Test
4.

5.

APPLICATION
1. Design (Ph, C)

2, Devl/Fab (Ph, D)
3. Operations
40

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

|

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ONRSERVED AND REPORTLD.

2. 1THEORY FORMULATED TO DESCK!BE PHENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL.,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMNPONENT, ETC.

REPRODUCIBILITY OF THE
QRIGNAL PAGE I3 POOR

8. COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.
8, MODEL TESTED IN AIRCRAFT ENVIRONMENT,

7. MODEL TESTED IN SPACE ENVIRONMENT.

8. NEW CAPARILITY DLRIVED FROM A MUCH LESSER

OPERATIONAL MODEL.

9., RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
10, LIFETIME EXTENSION OF AN OI'LRATION.A, MODEL,
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TITLE Flight Teat of a Low Molecular Weight Propellant Bamhardment  NO.__E-14
Thruster Subsystem PAGE 4 of 4

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: Flight test of low moleaular weight
——propellant bombaxdment thruster subsysiem.

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

—Subsystem test on s low cast test hed at shuttle altituda.

BENEFIT OF SPACE TEST: Mould allow accurate definitions qf performance parameters,
. : l Lifeti

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: Very large space simulation chambers.

EXISTING: YES vo (]

TEST CONFIDENCE 0.9

9. GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GRCUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS: _ypery large cost and difficulty in simulation of space
vacuum with light propellants, Impossible to simulate GN_and C reguirements

TESTCONFIDENCE (.6

4. TEST & EVAL
TECH NEED DATE

——dn ground fests.
]
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cy COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG&C/0

GRAND TOTAL GRAND TOTAL

11. VALUE OF SPACE TEST §

{SUM OF PROGRAMCOSTS $ o )

PROBABILITY

12. DOMINANT RISK/TECH PROBLEM COST IMPACT

COST RISK §

FTOIDR2) 1175
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, __E-15

1. TECHNOLOGY REQUIREMENT (TITLE): Space Storahility of . PAGE 1 OF _4
—_Solid Rocket Motors

2. TECHNOLOGY CATEGORY: Propulsion
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Tc demonstrate the space storability

of solid rocket motors.

. CURRENT STATE OF ART: Short time ifests under vacuum or simulated high

— dose rate have been accaomplished; actusl moiors have never been expoced . fgr
lang durations ta hath. HAS BEEN CARRIED TO LEVEL

3. DESCRIPTION OF TECHNOLOGY

Solid propellant rocket motors have been stored and used successfully after
long storage “‘imes on earth, but have not been used after long time exposure
in space. There is currently some doubt on the reliability of a unit after
such exposure. A demonstration needs to be accomplished so that limits of
exposure can be defined; flight type units could then be successfully stored
in space.

P/L REQUIFEMENTS BASED ON: [J PRE-A,0J A,[J B,[J C/D

6. RATIONALLEF AND ANAIL YSIS:
a. Trips to the outer planets require up to 3 years and very reliable
propulsicn maneuvers for retro into orbit or landing; thus, extended exposure

data needs to be provided.

b, On-orbit operations at the planets, extraterrestial landing and take off,
and for shorter periods low earth orbit to geosynchronous orbit.

c. The result of these tests will give confidence that solid motors will
perform as-designed after space exposure.

de Flight design unit and samples should be carried into space and then
inspected after various exposure times.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. E-15

—— — ]
1. TECHNOLOGY REQUIREMENT(TITLE): Sgace Storability of PAGE 2 F4_
—Salid Rocket Motors.

7. TECHNOLOGY OPTIONS:

T
n

greatest interest are:
ignition.
dosage for long times could be correlated with existing data performed for

short time periods.

even be better with samples being returned periodically. The areas of

he minimum time should be 2 weeks, with severe exposure conditions and it i.
ecessary to have a 1 to 2 year exposure. A 5 year or longer exposure would

propellant mechanical properties, bond strength, and
The reaction of ammonium perchlorate to nuclear radiation at low

8.

TECHNICAL PROBLEMS:

v.

POTENTIAL ALTERNATIVES;

Ground test in dedicated facility which can provide high vacuum, temperature,

and nuclear radiation,

10.

PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 2

11.

RELATED TECHNOLOGY REQUIREMENTS:

This could be flown un the LDEF.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, Ee-15
== ——— |
1. TECHNOLOGY REQUIREMENT (TITLE): Space Storability of =~ PAGE 30OF _4_
—2anlid Rocket Motors
12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDUL.E ITEM 75176 ]77]78179]|80|81]82|83|84!35]86]|87]88]|89l90}91
TECHNOLOGY
1. Design of Experiment
2. Fabrication
3. Exposure - -4
4, Test Results * *
5.
APPLICATION
1. Derign (Ph. C)
2, Devl/Fab (Ph. D)
3. Operations
4, ;
t
1:3. USAGE SCHEDULE: g
i , 3
TECHNOLOGY NEED DATE TOTAL 5
NUMBER OF LAUNCHES T
14. REFERENCES: 1
%
3
2
Y OF THE
REPRODUCIBIIJ' :
QRIGINAL PAGE I8 POOR :
3
4
X
:
i
¢
i
¥
15. LEVEL OF STATE OF ART 5. COMPONFNT OR AREADBOARD TESTED IN RELEVANT é
R . ENVIRONMENT IN THE LARORATORY, .
1. BASIC PHENOMENA ORSERVED AND RF PORTED, 6. MODEL TESTED IN AIRCRAFT ENVIRONME NT,
2. THEORY FORMULATED TO DESCR!BE. PIIENOMENA., 7. MODEL TESTED IN SPACE ENVIRONMENT, 3
3. THEORY TESTED BY PHYSICAL EXPERIMENT 6. NEW CAPANLITY DLRIVED FROM A MUCH LESSER %
QR MATHEMATICAL MODEL. OPERATIONAL MODEL.
4. PERTIMNENT l}'N(‘TIO.\’ OR CHARACTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRADING OF AN OPERATIVNAL MODLL, e 3
E.G., MATENIAL, COMPOMENT, ETC, 10. LIFETIME EXTENSION OF AN OF'LRATION \!, MODLL, )

218
L _ 4
- - S A R ) - -

[




TITLE _Space Storabilitv of Solid Rocket Motorg NO. E-15

PAGE 4 of 4

COMPARISON OF SPACE & GROUND TEST OPTIONS

SPACE TEST OPTION TEST ARTICLE: _Salid Racket Mntar and Samples

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST: Pravide canfidence that motar as designed can withstiand space
——enuironments.
EQUIPMENT:  WEIGHT 100 kg, SIZE 1m X 1m X 1m m POWER 0 kw

POINTING STABILITY nooe DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: | _p ooy
existing: ves [x1 ~o[T]

TEST CONFIDENCE 15%

GROUND TEST OPTION  TEST ARTICLE: Sn1id Rocket Motor ~nd Test Specimens

TEST DESCRIPTION/REQUIREMENTS: _Fynnse simultaneously to thermal, puclear radiatdon
anrd low vacuum a motor with live propellant and propellant samples.

SPECIAL CROUND FACILITIES: _ nedicated low vacuum and radiation gource with thermal
ﬁmwmmmwm
EXISTING: YES [} ~o [X] .

GROUND TEST LIMITATIONS: fyoncire is difficult to simulate,

TEST CONFIDENCE 254
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cy COST (8) COST (SL
1. ANALYSIS
2. DESIGN
3. MFG& C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

TYONDRM 275
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-16

1. TECHNOLOGY REQUIREMENT(TITLE): Measurenent of Salid PAGE 2 OF _4
—Racket Motax Thrust Alignments
7. TECHNOLOGY OPTIONS:

The results of these tests should permit the control requirements to be
reduced by a factor of ten from knowledge of parameters and factors which
contribute to misalignment of the thrust vector, an accurate measurement of
the parameters, and spacecraft balance.

8. TECHNICAL PROBLEMS:

Space mr.asurements to accuracy required. Assumes that cold gas and rucket
motor hot gas flows can be modeled for correlation of data and analysis.

Y. POTENTIAL ALTERNATIVES:

Markedly better ground test equipment (thrust stand) and facilities which do
not now exist,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL 2_
11. RELATED TECHNOLOGY REQUIREMENTS:

PRICIDING PAGE BLANK NOT FI" iy
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-1¢
= — = g ¥ 0
1. TECHNOLOGY REQUIREMENT (TITLE): Measurement of Solid PAGE 30F g
—RBocket Matae Thruster Alignmend
12. TFTHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDUILE ITEM TOIT6J77]78]79]180[81)82]83]8-4]30]86]187]|858}39}90 91I
TECHNOLOGY
1. Analysis
2. Experimental Design
3. Fabrication
4, Test
5.
APPLICATION
1. Design (Ph. ()
2. Devl/Fab (Ph. D)
3. Operations
4,
13, USAGE SCHEDULE:
T
TECHNOLOGY NI'ED DATL. TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:
15. LEVEL OF STATE OF ART 8. COM:ONFNT OR HRLADBOARD 1E5TED IN RELEVALT
ENVIROKMENT IN Tt LARORATURY,
1. BASIC PHEROMENA OPSERVED AND WFPORTED, 8. MODEL TESTED IN AIRURAFT FAVIRONMENT,
2. THEOHY OUMULATED TO DESC K!IBE PIENOMENA, 2. MODEL TESTLD N SPACF ENVIRONMENT,
3. TUFORN THSTED BY PHYSICAL EXPLRINENT 8. NEW CAPAIILITY DLHIVED FRUM A MUCH LESSER
OR MATHEMATICAL MCDIL.. OPERATIONAL MODLL
4. PLETININT BLMCTION OR CHARAL TERISTIC DFMONSTRATED, 9. RELIARILITY UPGRADING UF AX OPERATIONAL MCDLL,
F.G., MATERIAL, COVPOMEAT, ET0, 10. LIFETIME LXTENSION OF AN OF LRATION I MODY L,
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TITLE weasurenent of Salid Rocket Motor Thrust Alignment NO. E-16
PAGE 4 of 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: So0lid Motar Model or Simulator, Instruments

ticn and Lold Gas Flow System.

TEST DESCRIPTION : ALT. {max/min) / km, INCL, deg, TIME hr

Zerog-g and space vacuuma

BENEFIT OF SPACE TEST: Determine the misalignment of thrust vector to greater

- accuracy and provide understanding ond correction to gpacecraft in space.
EQUIPMENT:  WEIGHT 500 KgSIZE 1m X im X 1m  m POWER kw
POINTING any STABILITY any DATA movements
ORIENTATION any CREW:  NO. _O____ OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

existing: Yes [ ~wo[T]

TEST CONFIDENCE 80%

9. GROUND TEST OPTION TEST ARTICLE: Very difficult without zero-g and high

vacuum; facility and eaquipment do not now exist.

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACIL'TIES:

_ EXISTING: YES [] No [

GROUND TEST L. TATINNS:

TEST CONFIDENCE

—— T '

P

B | r—_—_—:
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cy COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL
TECH NEED DATE i
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

TIDR2) 7775
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-17
TECHNOLOGY REQUIREMENT (TITLE): Ffinal Qualification PAGE 1 OF _4_

—JIest of Hydrazine Resicstojet

)

.y

),

TECHNOLOGY CATEGORY: Propulsion
OBJECTIVE/ ADVANCEMENT REQUIRED: Io demonstrate flight readiness of

—-hydrazine resistojets for ycge in space

i

CURRENT STATE OF ART: Hydrazine resistojets have been built and tested

—hut not flown.,

HAS BEEN CARRIED TO LEVEL 5_

[ I

DESCRIPTION OF TECHNOLOGY

A small hydrazine resistojet in the 30 to 100 millipound thrust range com-
bined with an appropriate feed system and instrumentation is flown in space
and operated over a spectrum of pulse lengths and heater powers.

P/L REQUIREMENTS BASED ON: [] PRE-A,[] A,[J B,[J ¢/D

6.

RATIONALL AND ANAL,YSIS:

a. More reliable thrusters with improved performance are needed for future
NASA missi. .. The hydrazine resistojet is such & device but an grbital
flight is necessary to qualify the device for flight readiness acceptance.

be This advancement is applicable to on-orbit operatiorss.

c. Aititude control -ystems are increasingly required to perform reliably
and repeatedly for longer periods of time with more operating cycles. The
hydrazine resistojet has no catalyst bed and so has the potential for very
high operating cycle lifé with highly repeatable pulses. The specific
impulse is slightly higher than the equivalent catalvst bed thruster. The
minimum impulse bit achievable approaches the size obtainable with cold gas
which tends to save fuel and/or give finer attitude control,.

de The thruster must be carried through a complete component test under
flight operatinn conditions,

TO BE CARRIED TO LEVEL _7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.E-17

1. TECHNOLOGY REQUIREMENT(TITLE): gio2) Qualification Test PAGE 2 OF 4
e g . Roci .

7. TECHNOLOGY OPTIONS:

None

8. TECHNICAL PROBLEMS:

Electrical heater life is a potential problem on extremely long missions.

Y. POTENTIAL ALTERNATIVES:

l. Incorporate the thruster in paylocads based on ground iesting only. This
is highly unlikely.

2. Fly is as an exreriment on some unspecified s/c launched on a Delta rocket|

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Technology will not advance without NASA resources.

EXPECTED UNPERTURBED LEVEL g

11. RELATED TECHNOLOGY REQUIREMENTS:

None

225




——

DEFINITION OF TECHNOLOGY REQUIREMENT NO. g-17

| ===

—

TECHNOLOGY REQUIREMENT (TITLE): Final YJualification Test PAGE 3 0OF _4 _

of Hydrazine Besisinjet

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

OR MATHFMATICAL MODE 1.,

F.G., MATERIAL, COMPOMENT, E1C,

4. PERTINENT FUNC TION OR CHARAC TERISTIC DEMONSTRATED,

SCHEDUL.E ITEM 701761771 78|79[80(81]82]|83]84}85]|86]87188}89]90]91
TECHNOLOGY
1. Design -~
2., Fabrication
3. Test 4
4. Flight Readiness o
5.
APPLICATICN
1. Design (Ph. C)
2, Devl/Fab (Ph. D)
3. Operations
4,
15, USAGE SCHEDULE:
T
TECHNOI.OGY NEED DATE. TOTAL
NUMBER OF LLAUNCHES
14, REFERENCES:
15. LEVEL OF STATE OF AR 8, COMPONFNT OR RREADBOARD TESIED IN 4 LEVANT
ENVIRONMENT IN Tt LABORATURY,
1. BASIC PHENOMENA ORSERVE D AND RF PORT D, 8. MODEL TESTED IN AIRCRAFT FANVIRUNME N1,
2. THEORY FORMULATFD TO DESCRIBE 111 KOMENA. 7. MODEL TESTLD IN SPACT ENVIRONMENT,
3, THFORY TESIED BY PHYSICAL FXPERIMENT 8. NEW CAPABILITY DLRIVI D FROM A MUCH LESSER

. RELIABILITY UPGRAINNG OF AN OPERATIONAT MODLL,

OPERATIONAL MODLL,

LIFETIME EXTENSION OF AN OF'L RATION \t, MODE 1L,
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TITLE Final Qualification Test of Hydrazine Resistojet NO. E-17

PAGE 4 of 4
COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE: Hydrazine Resistojet
TEST DESCRIPTION : ALT. (mex/min) o pay [10w eacthkm INCL. _ p/p deg, TIME ) /p e

— Operate a hydrazine resisiojet ouver a range of duty cycles and power inputs.

BENEFIT OF SPACE TEST: Qualification of a new type of thruster as space proven hard-

EQUIPMENT:  WEIGHT 5 kg.SIZE__ 4 X 4 X 4 mPOWER _(p5-,030W
POINVING N/A STABILITY N/A DATA pressure,temperature
ORIENTATION out CREW:  NO. _1  OPERATIONS/DURATION 3-12 16 hr.max

SPECIAL GROUND FACILITIES: N.H, fueling

1

— existing: YEs [x] w~o[]

—_ - TEST CONFIDENCE 90%
9. GROUND TEST OPTION TEST ARTICLE:
TEST DESCRIPTION/REQUIREMENTS: _Since the object (f the test is actual operation in

spac 2, there is no ground test option.

SPECIAL GROUND FACILITIES:

EXISTING: YES [:] NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

—————-——-———-ﬁ
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK Ccy COST (8) COST (8)

1. ANAL SIS

2. DESIGN

3. MFG&C/0

4. TEST & EVAL
TECH NEED DATE

GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $
F1(TDR ) 7175
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, __E-18

e |

1. TECHNOLOGY REQUIREMENT (TITLE): final Qualification of =~ PAGE 1 OF _4
an‘Fz/NzHH Propulsing Suhgystem

2. TECHNOLOGY CATEGORY: P-ogulsian

3. OBJECTIVE/ADVANCEMENT REQUIRED: Provide final verification of design.

——adequacy of a,flioht—weiahtAFZ/NéHa propulsion subsystema

{. CURRENT STA fE OF ART: a bread-board FLOX/MMH propulsion subsystem has

been tested in a vecuum ftacilitve.

HAS BEEN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOLOGY
An FZ/NZHd propulsion subsystem will be carried into orbit by Shuttle

released on a stable platform, and fired. It will carry appropriate
instrumentation to verify operational integrity.

P/L REQUIREMENTS BASED ON: [ PRE-A,[J A,[0 B,[O ¢/D

6. RATIONALL AND ANAL YSIS:

as. In high energy mission, specific impulse becomes a very sensitive para-
meter.

bs Missions A 4 and 5.

c. The technology itself will improve payload performance, increase V, or
shorten trip time. This experiment wi:. reduce risk,

de The subsystem should be fully flight-gialified to convince the potential
user that is it a viable option and uncover unforeseen. problcms in space may
te revealed,

TO BE CARRIED TO LEVEL g

REPRODUCIBILITY OF THE
228 ORIGMNAL PAGE IS POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-18

——

e —

1. TECHNOLOGY REQUIREMENT(TITLE): Final Qualification of an PAGE 2 OF 4
F5/NoH, Propulsion Subsystem

7. TECHNOLOGY OPTIONS:

The specific impulse in the driver for this technology. A minimum specific
impulse of 370 lbf-sec/lbm is required. Based upon typical outer planet
b.' iter missions, payload will vary cdecrease 3-5 lbm per unit of Isp reduction;

8. TECHNICAL PROBLEMS:

LF2 handling, materials.capability.

Y. POTENTIAL ALTERNATIVES;

Earth-storable propulsion systems with their inherently lower performance,

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

If funded at an increased level, a flight-weight propulsion subsystem will
be ready by 1980 (RTOP 506-24-26).

The technology will not advance without NASA resources.

EX.'.CTED UNPERTURBED LEVEL _3

11. RELATED TECHNOLOGY REQUIREMENTS:

None
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L DEFINITION OF TECHNOL.OGY REQUIREMENT NO, e-18

an F,/NIHA Propulsion Subsystem

1. TECHNOLOGY REQUIREMENT (TITLE): £

inal Qualificgtion of PAGE 3 OF _4

12, TECHNOLOGY REQUIRFMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

75

76

78

79

80

81

82

83|84}135]86]87]85[89]90}91

TECHNOLOGY

1. Fabrication

. Ground Test Checkout

3. Flight Test and
Documents
4

APPLICATION
1. Design (Ph. ()

2, Devl/Fab (Ph. D)

3. Operations

OR MATHEMATICAL MODE Y,

2. THEORY FORMULATFD TO DESCRIBF vl NOMENA,
3. THEORY TESEFD BY PHYSICAL | XPERIMENT

4. PERTININT FUNCTON OR CHARACTRRISTIC DEMONSTRATED,
E.G., MATERIAL, CONPOMNG AT, ETC,

4.
13. USAGE SCHEDULE:
T
TECHNOLOGY NEED DATL. TOTAL
NUMBER OF ILAUNCHES
14. REFERENCES:
15. LEVEL OF STATE OF ART 8. COMPONFNT OR AREADBOARD TESTED IN RELEVANT .
ENVIKONMENT IN TiE LABORATORY,
1. BASIC PHEROMENA ORSERVED AND RFPORTED, 8. MODEL TESTEDIN AIRCRAFT FAVIRONAE NT,

MODELU TESTLD IN SPACE ENVIRONMENT,

NEW CAPARLITY DI RIVED FROM A MUCH LESSER
OPERATIONAL MODLL, ,

RELIARILITY UPGRADING OF AN OPERA T1UNAT MODLL,

LIFETIME EXTENSION OF AN O1'l RATION \T. MODL L,
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TITLE Final Qualification of an F,/NaH, Propulsion Systen NO._ r.18

PAGE 4 of 4
COMPARISON OF SPACE & GROUND TEST OPTI!ONS
8. SPACE TEST OPTION TEST ARTICLE: Fo/N_H, Propulsion System
-z o
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
BENEFIT OF SPACE TEST: ___Risk Reduction
EQUIPMENT:  WEIGHT _ ; gng kg, SIZE X X m, POWER kW
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /
SPECIAL GROUND FACILITIES: F_ propellant loading facility at cape.
existing: s [ ] ~o[¥
TEST CONFIDENCE ___99%
9.

GROUND TEST OPTION TEST ARTICLE: Flighteweight Fo/NoH, Praopulsion Suhsysten

TEST DESCRIPTION/REQUIREMENTS: 1513 fy F(./NZH‘; syatem by gropnd qn—xlifjf;a;tinn
e . £ ] ] .

SPECIAL GROUND FACILITIES: Attitude test facility,

EXISTING: YES D NO D

GROUND TEST LlM|TAT'ONs,Lg:‘c convincina_to nrnjnr‘l‘c in :ar-rgptjng 1s8-0f _an —
untried technnlogy.

TEST CONFIDENCE 80,

10. SCHEDULE & COST

————————————

SPACE TEST OPTION GROUND TEST OPTION

————_—m

TASK cy COST ($) COST ($)

1. ANALYSIS

2. DESIGN

3. MFG& C/O

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL

11. VALUE OF SPACE TEST §

{SUM OF PROGRAM COSTS $§

12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COSTRHISKS

TTODR M IIN
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _E-19

1. TECHNOLOGY REQUIREMENT (TITLE): _Final Qualification —~ PAGE 10F 4_
1 ¢ Cosi oo Eoai
2. TECHNOLOGY CATEGORY: progulsian

>

3. OBJECTIVE/ADVANCEMENT REQUIRED: Jo gualify a cesium ion engine as

hazd . 1ab] . :

spacecraft.

I. CURRENT STATE OF ART; Has been flown as an experiment but was not
—completely successful,

HAS BEEN CARRIED TO LEVEL T7_

5. DESCRIPTION OI' TECHNOLOGY

A cesium ion engine thruster system is flown in space and operated through
a number of on/off cycles.

P/L REQUIREMENTS BASED ON: [J PRE-A,[ A,[0 B, ¢/D

6. RATIONALLF AND ANALYSIS:

a. The previous flight of this engine satisfied all objectives except for
a valve failure due to zero-g effects during an on/off cycle. This has been
corrected by redesign., An orbital flight is necessary to qualify the new
design for flight readiness acceptance,

b. Payloads in earth orbit benefit from this technology.

c. The projected NASA program shows the need for high specific impulse, low

thrust engines for use on orbital spacecraft, The cesium ion engine is such
a device,

d. An orbital flight verifying design adequacy of a thruster system module
will fully mature the technology for application to s/c systems,

TO BE CARRIEL [O LEVEL 9
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-19

——

%1. TECHNOLOGY REQUIREMENT(TITLE): Final Qualjification Test PAGE 2 OF 4,

of Cesium Ion Engine

7. TECHNOLOGY OPTIONS:

8. TECHNICAL PROBLEMS:

The redesigned fuel feed valve may still not function in zero-g.

POTENTIAL. ALTERNATIVES:

<

Nane

10. PLANNED FROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Technology will not advance without NASA resources,

EXPECTED UNPERTURBED LEVEL 7

11. RELATED TECHNOLOGY REQUIREMENTS:

None
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, E-19
= p—— —
1. TECHNOLOGY REQUIREMENT (TITLE): Final Qualification Test PAGE 3 0F _4_
—of Cesium lop Engine
12. TECHNOLOGY REQUIREMENTS SCHEDULE:;
CALEIIDAR YEAR
SCHEDULE ITEM TOPT6]77]178]79180[81|8%]83]81]35[86]8785189]190]91 (
TECHNOLOGY
1. Ground Testing .
2, Flight Packaging _
3. Flight Operation —
4.
5.
APPLICATION
1. Design (Ph, ()
2, Devl/Fab (Ph, D) i
3. Operations
4.
13. USAGE SCHEDUILE:
1
TECHNOLOGY NEED DATL TOTAL
NUMBER OF LAUNCHES

14,

15.

~

REFERENCES:

LEVEL OF STATE OF ART

RASIC PHENOME NA ORSERVED AND RFPORTED,

THEORY PORMULALED TO DESCRIBE 1 NOMENA,
o TAPORY TESTTD BY PHYSICAT FXPERIMENT

OR MATHEMATIC AL MODEY,,

PERIINENT FUNCTION OR CHARAC TERISTIC DF MONSTRATED,

E.G . MATERIND, CONPONENT, B O,

COMPONENT OR (RFADBOARD TESTED (N RELEVALT

ENVIRONMENT IN Ti} LAMRATURY.

MODEL TESTED IN AJRCRAFT EMVIRONMENT,

HODEL TESTLD N SPACE EMVIRONMEN]

OPFRATIONAL MODLL.

. NEW CAPAMIIITY I RIVIi D PRONM A MTCH LENSER

. RELIARILITY UPGRA ING OF AN OPFRATIVONAL MODEL,
. LIFETIME EXTENSION OF AN OFL RATION «F MODEL,

234
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TITLE final Qualification Test of Cesium lon Enging NO. E-19
PAGE 4 of 4

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: Cepiwn Ign Enydng
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
—Operate engine in space over a nunber of on/aff cycles and preferably return to
—=2azth for analysds.

BENEFIT OF SPACE TEST: Faulty operation on previous flight was attributed to zero-g
—effects Reiery in zeroeg oeeded for full caofidence in redesign

EQUIPMENT: WEGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

Mone neededa

existing: YES [ ] uoﬁ

TEST CONFIDENCE 75%

9. GROUND TEST OPTION TESTARTICLE: _Since the ohject of the test is to verify
pgperation i zerg-g, there is no ground test option.
TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NC D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE
#

10. SCHcULDULE & COST SPACE TEST OPTION GROUND TEST OPTION

— —

TASK | ev COST ($) ‘ COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL
TECH NEED DATE

GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGR AM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK §

FYITDR 2) 7/75
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Summary

Three major cost reduction thrusts were developed as directions
for advanced propulsion technology development. They are:

Reduce cost of transport from earth to low earth
orbit from 500 $/kg to 50 $/kg

Reduce cost of transport from earth to geosynchronous
orbit from $3000/kg to 500 $/kg

Reduce cost of transport from earth to the outer
reaches of the planet from 3x10® $/kg to 3000 $/kg.

The relative importance of each of the three thrusts depends
to a large extent on the specific missions ultimately given
priority by NASA. Consequently, the group has identified technology
areas according to the type mission which would drive research in
thet area. The present state of development of the particular
technology has been assessed and it has been identified with at

least ore of the three major thrusts. The accompanying Table of
Advanced technology Requirements represents a summary of the

findings of the Propulsion Technology Working Group.

Code

oQwp

Current Status Readiness Date
In Use Prior to 1975
Near Term 1975-1985
Far Term 1985-2000
Conceptual Post 2000

Candidate payload experiments were also identified which could
be advantageously carried out in pear-earth space using the Shuttle
Orbiter, its payload bay, the Spacelab and/or some free-flying
device that might be used for long duration testing. The nineteen
experiments identified were grouped in three categories according
to the principal rationale for carrying out experiments in space:

I.

II.

III.

The special characteristics of the space environment
makes testing from the Shuttle Orbiter and its related

equipment the only, or most reasonable, approach for
obtaining data.

Testing in space is expected to be more cost-effective
than carrying out similar tests on earth.

Tests in near-earth space provide a very close approximation
to the conditions to be encountered by operating systems
and as such may reveal unforseen problems of operations

in space or may otherwise provide risk reduction for the
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hardware design. In this way space testing will aid in

% giving user acceptance of a new technology.

g The accompanying table of Candidate Space Experimental Payloads
1 summarize the suggested propulsion experiments .

£

¥ TABLE OF CANDIDATE SPACE EXPERIMENTAL PAYLOADS

Space Payload Justification Categories

I. Space Environment Essential

II. Space Experiment Most Cost Effective
JII. Space Demonstration to Reduce Risk

No. Justification
Title Category
El Spacecraft Charging and High Voltage Inter- I

actions with Plasma (submitted to Power
Technology Group)

E2 Flight Test of 8-cm Bombardment Thruster I

E3 High Temperature Plasma Core Reactor Fluid I
Mechanics (low-g) (submitted to Basic Research
Technology Group)

BRSNS ] 1A IR e

i E4 Vibration Test of Solid Rocket Mctors I
g ES The Storage Supply and Transfer of Cryogenic I
g Fluids in Space (submitted to Thermal Control

4 Group)

&

- E6 Propellant Management Device Design Parameters I

at zero-g

E7 Thruster Induced Back Contamination I
ES8 Supercritical Combustion Measurements in zero-g I
E9 Pulse Characteristics of Small Thrusters I
El0 Flight Test of Composite Engine I
Ell Deployment/Assembly and Control of Large Space I

Propulsion Energy Sources (Solar Sails, Eolar
Energy Concentrators, Solar Photovoltaic Panels)

El2 Sublimation Properties of Solidified Propellants I

El1l3 Flight Test of SEP Thrust Subsystem I1, I

El4 Flight Test of Low Molecular Weight Propellant II
Bombardment Thruster

E1l5 Space Storability of Solid Rocket Motors II1, III

El6 Measurement of Solid Rocket Motor Thrust Alignment III

v
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No. Justification
Title Category

E17 Final Qualification Test of N2H4Resistojet ITT

El8 Final Qualification of F,/N,H, Propulsion System III

E1l9 Final Qualification Test of Cesium Ion Engine III

vi
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Introduction

The Propulsion Technology Working Group Report has been
divided into two parts. Part I has summarized the Group's effort
in identifying and classifying appropriate advanced technology
requirements which are consistent with the needc described by the

Technology User Group and of the Outlook for Space Study. Part II
has summarized the experimental aspects of that technology

which might be advantageously carried out in near~earth space using
the Shuttle Orbiter, its payload bay, the Spacelab and/or some
free flying device that might be used for long~duration testing.

The major goal for propulsion technology was to reduce space
transport costs in order to faciliatate all the goals of the space
program. Three major thrusts were derived from that goal:

1. Reduce cost of transport from earth to low orbit
from 500 $/kg to 50 $/kg

2. Reduce cost of transport from earth to geosynchronous
orbit or to earth escape from 3000 $/kg to 500 $/kg

3. Reduce cost of transport from earth to the outer
reaches of the solar system from 3x106 $/kg to 3000 $/kg.

The central point of the Group's effort was the Table of
Advanced Technology Requirements (Part I, Section 2) which
summarizes the propulsion technologies considered during the
workshop, along with the technology driver (either a specific
type of mission or a new technology opportunity). 1In addition,
the Table has catagorized each technology according to its state
of readiness as well as its relationship to the major thrusts

identified by the Group.

ODUCIBILITY OF THE
R leiAL PAGR I8 POOR

sl

ot S DS G, LN . o

bk s

PR s

kb ot s o




Part I. ADVANCED TECHNOLOGY REQUIREMENTS

1. Introduction

The objective orf the Part I report is to identify and classify
those propulsion technology elemeats that are seen by the Propulsion
Technology Group to meet the expressed technology needs of the
Workshop Technology User Group and of the Tutlook for Space study.
This report is intended to be a response to the calls for Mission
Driven Technology and Opportunity Drive Technology.

The elements discussed and presented by the Propulsion Technology
Group are shown in Table of Advanced Technology Requirements (Section 2)
which serves also as a supplemental table of contents, The entries
generally are made at the system level rather than the component
level. They are categorized in a manner similar to that used in
the Technology Forecast of the Outlook for Space study (Ref. 1):
first, by the manner in which the energy used for propulsion is
obtained (collected in space, stored in electronic or chemical
energy states, or stored in nuclear energy states); and second,
by the current status of the technology. The status of technology
development is an indication of the current technical maturity or
of the projected technology readiness date, The table in Section 3
shows the following technology status codes:

Code Current Status Readiness Date
A In Use Prior to 1975
E Near Term 1975-1985
C Far Term 1985~-2000
D Conceptual Post 2000

The Table of Section 2 lists lists entries by energy category, with
technology readiness code letter shown to the right of each item.

In order to relate the identified technology to user (mission)
needs, five mission operating regimes were established:

. Earth to low earth orbit.
Low earth orbit to geosynchronous orbit or earth escape.
On orbit operations

Interplanetary
Extraterrestrial operations: orbit insertion, landing

and take off, etc.

U W N =
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All c¢pace missions identified in the User Requirements and
the Outlook for Space drive propulsion technology requirements
in one or more of these regimes. Thus, rather than repeatedly

list all of the missions supported by each of the technology
entries, each entry in the table is identified with one or more

of the operating regimes, which is shown in the column entitled,
Technology Driver. The reaction to mission needs is thus implied
by the operating regimes required for any mission.

All technology entries that are classified as "conceptual” in
the Technology Readiness Code column are identified as being
"opportunity driven" technology in the Technology Driver column,
and are not related to mission operating regimes. The technology
in this category has not yet been advanced to the point which
parameters are well enough known to establish possible advantageous
application; however, the possibilities are sufficiently attractive
to encourage advocacy of research.

The objective, description, and justification for each
technology entry provided on the Definition of Technology
Requirement forms were completed only to the extent that readily
available information existed. The said information is summarized

in Section 4.

In cases where all or a major part of the propulsion-related
technology fell into the purview of the Basic Research Technology
Group or another Technology Group, the technology item was
referred to that group and only a summary is included in Section 3
in this report for completeness. The referral of these items is
indicated in the table of Section 3,

In addition to pursuing the orginal objectives of the workshop,
each group was asked to generate some "major thrusts" of the
technology in their respective area disciplines. Those generated
in the Propulsion Technology Group are also shown in the table of
Section 2 in the column entitled Major Thrusts Code. This is
further explained in the following section.

eaninaiarre . e
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4. Overall Observations and Summary of Part I

The workshop initially had two major obiectives: firstly to
identify experiments and secondly to identify areas of new technology.
At the midpoint of the workshop, the Technology Groups were asked
to respond to an additional objective: identify from the work to
that point some overall goals that might be taken as major thrusts
of the technology advances required in the various disciplines
represented. The major thrusts identified for Propulsion derive
directly from a central goal of propulsion technology: to reduce
space transport cost and thereby to facilitate all the goals of
the space program. Three major thrusts developed for propulsion
are:

@. Reduce cos’ of transport from earth to low earth orbit

from 500 $/kg to 50$/kg

b. Reduce cost of transport from earth to geosynchronous

orbit from 3000$/kg to 500$/!g.

c. Reduce cost of transpori from earth to the cuter reaches

of the solar system from 3x106 $/kg to 3000 $/kg.

The cost figures shown were very roughly derived from the
possible technology advances forecast in the Outlook for Space
study; and these need to be reexamined in more detail if such
goals are to be adopted. Nevertheless, cost figures are close
enough to realizable goals to show-that possible reductions in
the cost of space operations are so great that pursuit of the
required propulsion technology could essentially enable several
classes of missions outlined in the Outliook study and in the
Workshop Users inputs. It should be recognized that a number of
goals, equally important but of less sweeping consequences, can
also be identified. The desirability of adapting any of these
major thrusts as NASA goals must, of course, depend on overall
NASA mission planning., The investment_required in achieving these
goals might be of the order of $5 x 109 total for the first goal
and $5 x 10° each for the second and third goals; the investment
would be spread over a technology development period of five to
ten years.

Several observations can be drawn from the technology require-
ments discussed by the Propulsion Technology Group and presented
herein. These following observations are categorized by the mission
operating regimes described earlier.

Earth to low orbit

Large launch vehicle systems will continue to use chgmical
propulsion exclusively. If heavy lift vehicles in the 10~ kg
payload class are required in future missions, some reduction in

) REPRODUCIBILITY OF THN
ORIQINAL PAGE I8 POOR
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transport cost could come about by reducing mission requirements,
as compared with those requirements placed on shuttle. For example
missions could be flown unmanned, with no return payload and no
cross-range on return. Such reductions in requirements, taken
together with technology advances to increase engine performance
and increase structrual efficiency of the vehicle, will lead to
large cost reductions by way of fully reusable mission concepts,
even single-stage-to-orbit. A number of the propulsion technology
advances identified at the workshop would contribute to these
possibilities:

a, High pressure engines burning high-density hydrocarbon

fuel with oxygen
b. Composite engines which convert from an air breathing
engine to a rocket engine in different operating regimes.

c. Low cost liquid reocket booster engines
d. Large and low cost solid rocket booster motors.

Low earth orbit to geosynchronous orbit or earth escape

The propulsion technologies selectwud for advanced development
in this operating regime will depend heavily on the strategies
selected for orbit transfer - the question of resuable vs non-

reusable stages.
If fully reusable stages as in TUG designs are selected, then

technology entries related to high performance 0_/H, engines and

to hydrogen storage and handling will have bearifig.” Alternative
higher density propellant combinations, with attendant engine

technology, should also be stuvdies to determine if hydrocharbon
fuels, amine fuels, nitrogen tetroxide oxidizer, or fluorine
oxidizer might be used to gain advantages in performance, in

packaging, and/cr in direct cost.
Large arrays of low-thrust electric thrusters, operated with

either a solar or a fission nuclear electric power source, must

also be considered for these applications. Key technology drivers

of the propulsion device for these approaches will include low

system mass and long operating life of the puwer supplies and

the thrusters. Thrusters used in this spplication might be either

electrostatic or magnetoplasmadynamic, using argon as the propellant,
Research on laser generators and laser energy converters may

yield prospects for efficient beaming of energy from remote energy

gsources t¢ reusable orbit transfer vehicles which would be Ariven

by electric thrusters,
If expendable venicles or combinations of expendable and reusable

stages (Ref-2) are selected then the low cost of the expendable
stages will be of prime importance and the technology of high-
performance solid motors will be directly applicable.

N
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On-orbit

Many of the chemical systems currently being used for orbit
operations such as station keeping small orbit modifications and
attitude stabilization will continue to benefit from technology
refinement leading in increased useable life. As satellite size
and design lifetime increase, proportionately more benefiis will
accrue from the development and use of solar powered electric
propulsion systems, The very low thrust (millinewton), precise
impulse bit control, and high axhaust velocity of the electrostatic
thrusters may make them ideally suited to the attitude modification
znd stabilization of very large structures, e.g. solar energy
coricentrators in space.

Interplanetary

The requirements for interplanetary propulsion systems fall
into three broad classes,

1) Currently used chemical propulsion systems will continue
to find extensivc use for accelerating sptacecraft to moderately
high velocities for interplanetary transit. 2) For higher velocity
missions for thrusting requirements closer *han about 2 A.U. from
the sun (e.g. comet rendezvous or out-of-the-ecliptic probes), use
of solar powered electric thruster systems can reduce high velocity
stage mass, and, thereby, mission cost, by factors of two to
ten, when compared with use of chemical stages. The projected
needs for missions of this type define requirements for primary
electric propulsion subsystems. 3) For still higher velocity,
particularly for missions far from the sun, use of nuclear energy
will be reguired. Examples of such missions to the satellites of
the major planets, with mission durations held to a few years.

The propulsion approach to the use of nuclear energy is a light-
weight multihundred kilowatt, fission reactor with thermionic or
heat engine/generator energy conversion providing electricity

for electrostatic thrusters. Technology leading to the development
of such a nuclear electric propulsion system is clearly required

if the solar system is to be fully explored in the next 30 years.

A number of entries 1in the "conceptval" category are identified
as having prospects for matching or surpassing nucl:ar electric
systems, Because of this, research leading to performance
potential characterization is required for the following concepts:

a) Energy storage in metastable states (metallic hydrogea,
atomic hydrogen, excited states of helium)

b) Nuclear fission fluid core reactors of several types

c) Fusion microexplosions and controlled thermonuclear
reaction.
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Extraterrestrial

The technology refinements for orbit inser:ion; deorbit;
landing and takeoff in the vicinity planets, satellites, and
asteroids are directed to obtaining longer storage ai:d operating
life, lower cost, lower mass and to the requirements of tailoring
the size and operating conditions to meet specific mission require-
ments. To date, rockets burning earth-storable bipropellants,
nonopropellant, or solid propellants have been used. Completion
of the technology required for introducing the use of small fluorine/
hydraxine systems to this operating regime well, however, siginificantly
reduce mission cost. Systems usinc¢ fluorine oxidizer approach the
ultimate total system performance attainable with chemical
propulsion. In addition, use of fluorine in small sealed systems
for extraterrestrial operations may open the door for use of fluorine
in larger systems operating in earth orbit.

When nuclear electric propulsion systems are brought into
being, they can be used to transport spacecraft to the planets,
to spiral them into orbit about a planet, and then to spiral them
them into orbit about a planetary satellite.



TABLE OF ADVANCED TECHNOLOGY REQUT MENTS

Technology @* Major "

Technology (1) * Readiness Thrusts
I, Chemical Propulsion Technology Driver Code Code
A. Stable
(1) Liquid

a. F2m2ll4S/C Propulsion Subsystem M4, 5 B (b)

b. Long-Life Hydrazine Technology M, 4, 5 A (b)

c. Long-Life Earth Storable Ml, 4, 5 A (b)
Propellant Technology

d. Adv. Launch Vehicle Engines M2 C (a)
using High-Density Fuel and Oxidizer

e. Adv. lLaunch Vehicle Engines M2 C (a)
using H,/0O, Propellants

f. Densification of Cryogens by M2 B (@), (b)
use of Slush or Triple Point Fluid

g. High Pc Hy/Op Upper Stage Engine M2, 3, 4 B (b)

h. Tank Head - Idle and Ixtendable M3, 4 B (b)
Nozzle for Low-to-Moderate Chamber
Pressure H,/0Op Space Engine

i. Small liy/0, Main Auxiliary Ml, 4 C (b), (c)
Propulsion Systems

j. High Perf, Space Engines Using M2, 3, 5 c (b)
High Density Propellants (including
dual fuel alternatives to l/0,)

k. Low Cost Liquid Booster kngines M2 c (a)

1. lligh Performance Cryogenic 1a, 3, 4, 5 A (a), (b)
Insulation for Reusable Spacecraft

m. Insulation for Reusable lip Tanks M2 B (a), (b)
for Advanced Boosters

n, ligh Temperature and liigh Strength Ml, 2, 3, 4 C -—
to Weight Ratio lMaterials for
Propulsion System Cawponents

o. Hligh Performance Structures for M2 C (a)

Large Launch Vehicles (Submitted
to Structures Technology Group)

* See codes immediately following this table.

REPRODUCIBILITY OF TH¥
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Reactor Fluid Mechanics (Sukmitted
to Basic Research Technology Group)

At AR e e i - g =

Technology (2) Major (3)
Technology (1) Readiness Thrusts
Driver Code Code
p. Canposite Engines Technology M2 C (a)
(2) sSolid
a. Low Cost Solid Rocket Booster M2 C (a)
b. High Performance Solid Kick M3, 4 B (b)
Motors
c. High Performance Solid Space M4, 5 B (b)
Motors
B. Metastable States of Matter 0 D (b), (c)
C. Utilization of Indigenous Materials for 0 C (b), (c)
Propulsion
D. Detonation Propulsion M5 C (b), (c)
II. Nuclear Propulsion Technology
A. Fission
(1) NEP
a. Nuclear Electric Vropulsion M, 3, 4 C (c)
Power Plant
1.) Metallic-Flu.d Heat Pipes M, 3, 4 o (c)
(Submitted t» Thermal
Technology Group)
2.) Hich-Performance Thermionic ML, 3, 4 C (c)
Conversion (Submitted to Power
Technology Group)
b, High-Power Electrostatic Thrust M1, 3, 4 C (c)
Subsystem
c. MPD Thrust Subsystem Technology M3 D (c)
(2) Direct Heating
a. Solid Care Nuclear Rocket 0 D ———
Technology
b, Fluid Core Nuclear Technology o] D (c)
Cc. High Temparature Plasma Core (o} D (c)
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Technology (2)

Technology (1) Readiness
Driver Code
B. Fusion
Nuclear Fusion Propulsion Technology o D
C. Radioisotopes
Canbined Radioisotope Thermoelectric M, 4 B
Propulsion Module
III.Collected Energy Technology for Propulsion
A. Coherent Energy (Laser, Microwave)
1l.) Laser Heating of Propellants 0 D
2?,) Laser and Microwave Electric Propulsion 0 D
B, Solar Electrcmagnetic Energy
1l,) Electric (photovoltaic, Dielectric,
Concentrator/Heat Engine/Generator)
a, Auxiliary Electric Propulsion Ml B
With Hg Bambardment Thruster
b. Solar Electric Primary Propulsion Mi, 3, 4 B
Thrust Subsystem
¢c. Electric Propulsion with Low- ML, 3 B
Molecular Weight Propellants
2.) Solar Concentrator/Thermal Heating
Solar Heated Hp Propulsion M3 C
3,) Solar Sails (Sulmitted to Structures M4 C

Technology Group)

Major(3)
Thrusts
Code

(c)

(b)
(b)

b), ()

(b), ()

(b)
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1.) Technology Driver Code

M - Mission Driven Technology

1.
2,

On-orbit operations

Earth to low earth orbit (LEO)

LEO tO geosynchronous orbit or escape velocity
Interplanetary transport

Extraterrestrial landing, takeoff

0. - Opportunity Driven Technology
2.) Technology Readiness Code

A. In use (Pre-1975)

B. Near term (1975-1985)

C. Far term (1985-2000)

D. Canceptual (post 2000)

3.) Major Thrusts Code - Reduce Space Transport Costs

a, Earth to LEO fram 500 $/kg to 50 $/kg

b. Earth to GSO or escape fram 3000 $/kg to 500 $/kg

c. Earth to Outer Reaches of the Solar System fram 3,000,000 $/kg to 3000 $/kg

1
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IA {1) a

Title: F,/N H Spacecraft Propulsion Subsystem

Objective: Design, fabricate, assemble and test a flightweight,
pressure-fed blowdown F,/NoH4 S/C propulsion subsystem,

Description: By end of fiscal year 1979, all camponents which include
tankage, valving, thrust chamber, and thermal control
will have been developed. During FY 79, the propul-
sion system will be assembled and checked out. It will
then undergo vibration tests, solar/thermal vacuum tests
and finally a mission duty cycle test. This final system,
which will contain V500 kg of propellant and have a
thrust level of 2700 N, will be flightweight and will
be as close as possible to the system that will be used
in the first flight project.

Justification: Because of its inherently high-performance, many
missions tan utilize this type of propulsion subsystem
to significant advantage. The performance can be used
to reduce mission cost or enhance the mission for the
same mission cost. First applications will be planetary
orbit insertion. Future applications include planetary
satellite landing and take-off and orbit ejection,

This technology program will introduce fluorine into
space operations thus opening the door to the ultimate
performance potential of chemical propulsion,

12
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IA (1) b

Title: Long-Life Hydrazine Technolooy

Objective: Increase the operational life of monpropellant thrusters with
emphasis on use of the catalyst bed designs for units with
thrust ranging from 103 1bf to on the order of 100's of 1bf.

Description: Through the fundamental understanding of catalyst bed
structure and reactivity, it will be possible to design
hydrazine thrusters for longer life. Once the understanding
has been achieved, design of thrusters bounding the thrust
ranges of interest will take place. Concurrently with
design a control thruster using current technology will be
tested as a besis for future camparison. Upon campletion
of design and fabrication, testing will occur. The test
results will be compared with the control thruster.,

Justification: llydrazine thrusters of a wide range of thrust levels will
continue to find wide-spread use on nearly every planetary
spacecraft and l:anch vehicle and orbiting vehicle sysiem,
whenever small total impulse and versatility are called
for. Future planetary and earth orbiting applications
will require extended operating life,

13
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IA (1) c

Title: LONG-LIFL EARTH STORABLE BIPROPELIANT TECHNOLOGY

Objective: Increase the life of earth~storable bipropellant propulsion
systems and increase the performance through the substitu-
tion of hydrazine for monamethylhydrazine.

Descrigion:

Justification:

Orbiter missions to the outer planets will use moderate
enerqy bipropellants if the requirements permit the cost
effective usage of earth storable bipropellants such as
NJO4/MM or NyO4/NoH4. This technology will include new
materials for thrusters, the substitution of hard-seat
valves for the polymeric seat valves, and finally, the
use of hydrazine in place of monamethylhydrazine to im-
prove performance, A system will be fabricated and
tested to ensure design adequacy and demonstrate technol-
ogy readiness, New engine concepts such as bimodal engines
will be investigated.

It is required that earth-storable systems be upgraded
to handle the more demanding missions of the future
each as outer-planet and satellite orbiters, landers,
and sample return missions. Use of NjHyin place of
presently-used MMH will extend mission duration and
rehability by allowing oawnon tankage of the mono-
propellant NoH4 used in the attitude control system.

14
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In (1) a

Title: Advanced Launch-Vehicle Engines Using High Density Fuel and
Oxidizer Propellants

Objective: Conduct the technology needed to permit the development of
high performance, high pressure (4000 P_) reusable rocket
engines using high density fuel and oxidizer propellants,

Description: The current state-of-the-art for the high propellant
density cambination of liquid oxygen and RP-1 is represented
by the F-1 engine which operates at about 1000 psi chamber
pressure and for the high density earth storable combinations
by the Agena Engine which operates at about 500 psi chamber
pressure, The technologies for both of these propellant
cavbinations must be advanced considerably and must be almost
campletely developed for the possibility of using liquid
oxygen with the amine fuels or heavy hydrocarbon fuels.

Pramising heavy hydrocarbon fuels that when used with
liquid oxygen offer higher density-impulse than RP-1 with
liquid oxygen rust be surveyed and characterized, heat
transfer data and fuel thermal decomposition data must hre
developed along with regenerative cooling techniques w.th
liquid axygen., Modeling of the cambustion process and
chamber gas dynamics must be improved to insure that com-
bustion instability can be avoided and energy release
efficiency (performance) maximized, An aggressive search
for high temperature turbine and cambustor materials must
be made so that turbine and cambustor wall temperatures
can be raised and/or cyclic life extended. Camposite and
filament would technology must be developed for camponents
and interconnects so that engine weight can be minimized.
Lngine system studies are needed to evaluate performance,
engine weight, conling limits, variations in engine cycle,
boost pump drive techniques and development risk.,

Justification: Studies have shown that use of high performance, high
propellant density engines or dual-fuel engines operating
with both high density fuel and liquid hydrogen will en-
hance launch vehicle performance and may enable single-
stage-to—orbit launch vehicles to be realized, In
addition, these engines are applicable to future heavy
lift lauvich vehicles and to liquid boosters that could
1eplace the solid rocket Loosters on the present Space
Shuttle.,

15



IA (1) e

Title: Advanced lLaunch Vehicle Engines Using lydrogen and Oxygen
Propellants

Objective: Improve the technology now being used in the development of
high performance, high pressure reusable rocket engines
using hydrogen and oxygen propellants,

Description:

Justification:

The current state-of-the-art for high performance, high
pressure hydrogen-oxygen engines is represented by the
Space Shuttle Main Enginer (SSME) now under development.
In order to uprate this engine and provide for the devel-
opment of even more advanced hydrogen-oxygen engines
and/or fuel engines operating with hydrogen ard heavy
hydrocarbon fuel, the state-of-the-art must be extended.

To attain these goals technology is needed to provide
high temperature resistant turbine and combustor materials
in order to improve specific impulse and/or extend cyclic
life to provide extendible nozzles to better optimize
specific impulse to provide long life hearings and seals,
and to provide composite or filament wound components and
interconnects to reduce engine weight,

The requirement for high performance, high mass fraction,
reusable stages for the Space Shuttle, and future single-
stage-to~orbit and heavy lift vehicles has been established
by numerous studies and analyses. In order to maximize
payload and minimize recurring cost, technology must
advance in the areas of specific impulse improvement,
weight reduction, and extension of component life,

EPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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In (1) £

Title: Densification of Cryogens by the Use of Slush or Triple Point Fluids.

Objective: Generate technology needed to allow for the practical use of
slush or triple point cryogens,

Description: Application trade-off studies will be perfarmed to determine
the magnitude of payload gains or vehicle size and veight
reduction octainable fram use of densified cryogens.
Experiments will be performed in moderate sized hardware
(4-6 ft., diameter) to determine optimum procedures for
manufacture, storage, transfer, and pumping of slush
and triple point cryogens such LH, and 10,.

Justification: Advanced space vehicles using hydrogen/oxygen propellants
can benefit fram increased propellant density through
reduction of vehicle size and improved mass fraction.

Use of slush or triple point cryogens has the potential
for increasing propellant density by appraximately 15%.
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IA (1) h

Title: Tank ilead Idle and Extendible Nozzle for Low-to-Moderate Chamber
Pressure, Hydrogen-Oxygen Space Engines.,

Objective: Provide the technology for increasing the perfonmance of
low-to~moderate chamber pressure cryogenic space engines,

Description: The technology for low to moderate chamber pressure
cryogenic engines is, in general, in hand; however,
effort is needed to demonstrate the weight and performance
of externdible, high area ratio nozzles which are needed
to maximize performance, and minimize stowed engine
length. In addition, tank head idle mode, a viable
method of conserving weight and propellant, must be
demonstrated,

Justification: Low to moderate chamber pressure hydrogen-oxygen
ergines are suitable for future space vehicles such as
the Space Tug; and because most of the technology is
already in hand, represent a low development risk,
low development cost approach to satisfying the
propulsion needs.
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Title: High Chamber Pressure H,/0O, Space Engines

Objective: Develop Lroad based technology for high performance, reusable,
long life cryogenic space engines.

Description: Develogment of technology for advanced, high pressure Hp/0p
space engines, including: staged combustion cycle, 20,000
poaund thrust engine operating at 2000 psia chamber pressure
and aerospike 25,000 pound thrust engine operating at 1000
psia chamber pressure.

Justification: High chamber pressure, long life cryogenic space engines
provide higher specific impulse, lighter weight, and
smaller size, which are advantageous for future space
wvehicles, such as space tug,
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In (1) i

Title: Small 1i ‘G Main amd Auxiliary Propulsion "« <ivs (APS)

Objective: Develor: technology for LH /07 attituds w.irol systems
suitabie for Space Tug a.ré cryogen.c 1.1 propulsion
systems for apogee kick stages oy r Laa-laucy retro stages.,

Description: Cryogenic APS for vehicles lix . ..v = Tug requires 25
pound thrust engines capeble £ iugh performance, long
life, and rapid start-up. Systam canponents such as
small cryogenic pumps, accunw:lators, and refillable
tanks also are needed. Main propulsion engines of
300 to 3000 pounds thrust ieed techology work to
obtain high performance, light weight and reliability.

Justification: (ryogenic auxiliary propulsion systems provide higher
payload capability through high specific impulse and
light weight, Cryogenic APS far Space Tug also pro-
vides improved abort capability, and improved
logistics since only cryogenic propellants are used
on the vehicle.
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TA (1) j

Title: High Perfarmance Space Engines Using High-Density Propellants

Objective: Develop technology for high performance engines in the 5,000
to 30,000 pound thrust class for selected high bulk density
propellants, such as LOX-hydrocarbon fuels, LCX-amune fuels,
fluorine-hydrogen, or NyO4/NoHg.

Description: Application studies will be performed to evaluate various
high density propellant systems for advanced vehicles and
select the most pramising ones for experimental work.
Technology work will include investigation of engine
cooling, camponent design and performance, engine system
analysis, amd systems testing., Program will include bell
and plug nozzle engines and dual fuel engines capable of
burning first LOX/RJ-5 (for example) and ther TOX/LH,.

Justification: lHigher performance systems for high bulk density
propellants are needed for applications such as
advanced orbit-to-orbit transfer vehicles, space
maneuvering, and lunar-missions,

21
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IA (1) k

Title: Low=Cost Liquid Boosier Engines

Objective: Provide the technology needed to develop low cost, low-to~
intermediate pressure, pressure-fed or pump-fed, large thrust
engines,

Descrigim:

Justification:

Large thrust, low=to-moderate chanber pressure (200-1000.Pc),
pressure~fed engines have never been huilt in the United
States. lModerate pressure pump-fed technology for large thrust
boosters has not progressed beyond that represented by the
F-1 Engine,

The technology needs for the development of large
thrust, low-to-moderate chamber pressure, pressure-fed or
pump~fed booster engines are in the areas of high strength,
low weight camposite or filament wound materials for thrust
chambers, design and fabrication techniques for their use
in large engines, techniques for sealing the engine against
sea water prior to water landing or techniques to clean
and flush the system if sealing is not feasible, The high
and low frequency canbustion stability characteristics of
large diameter, low resonant frequency cambustors must be
examined and appropriate injector element and pattern
studies undertaken where required,

Low cost, low=to-moderate chamber pressure engines,
operating with inexpensive liquid propellants, could

have a near term application as a replacement for the
solid rocket motors on the Space Shuttle, thus reducing
recurring propellant costs. This booster type could, in
the far term, be used to augment the thrust of large,
heavy lift vehicles and/or early versions of single-stage-
to-orbit vehicles.

wy OF THE
FPRODUCIBILITY
ARIGANAL PAGE 18 POOR
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IA (@) 1

Title: High Performance Cryogenic Insulation for Reusable Spacecraft

Objective: Develop technology for high performance insulation systems
suitable for use on reusable spacecraft.

Description: Conduct experimental tests of multilayer insulation and
other types of nigh performance systems, such as =vacuated,
load bearing insulation systems. Evaluate effects of
repeated (cyclic) application of typical mission environ-
ments, including ground hold, launch, on-orbit operation,
re-entry, and preparation for re-use.

Justification: Cryogenic insulation systems are needed that are
capable of providing consistent thermal performance
and light weight for a large number of re-uses.
Present purged multilarer insulation systems tend
to degrade in performaace due to repeated pressure
loading/unloading and due to the effects of atmospheric
_contamination.,
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IA (1) m

Title: Insulation for Reusable Hydrogen Tanks for Advanced Boosters

Objective: Generate technology for light weight, reusable insulation
systems for large scale cryogenic tanks for advanced STS
boosters.

Description: Insulation systems will be tested in relatively large
scale cryogenic tanks to cbtain data on thermal per-
formance of the system and reuseability. Efforts will
focus on low weight, low cost, ease of repair, and
resistance to thermal cycling.

Justification: Insulation systems are needed for the large scale
reusable cryogenic tanks for advanced STS boosters,
such as SSTO's or heavy lift vehicles. The stored
cryogens must be protected from heat loads during
ground hold, launch, and flight to low earth orbit
to prevent excessive propellant boil off.
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In (1) n

Title: High Temperature and High Strength-to-Weight-Ratio Materials for
Propulsion System Camponents (Sulmitted to Materials Technology Group)

Objective: Develop higher temperature resistant, lorger cyclic life,
and lighter weight materials for propulsion system camponents.

Description: Develop higher temperature resistant materials for turbine
blades, stators and housing, and combustors that will permit
higher operating temperature and/or increased cycle life,
Develop technology for light-weight camposite or filament
wound structures that can be used for propellant tanks,
lines, valves, solid rocket motor cases, and liquid rocket
canbustors. Examples of camposites are Revlar filament
and carbon filament in carbon matrix materials.

Justification: 7The technology advances that have been identified for
liquid and solid rocket engines are dependent in large
part on the development of materials that will permit
turbines and combustors to operate at higher temperatures
or with hig. er cycle lives., Increased turbine temperature
leades to increased chamber pressure, area ratio, per-
formance, and thus payload, by extracting higher specific
power fram the turbine., Increased cycle life reduces
refurbishment requirements and thus recurring costs.
Lower eight camponents lead to higher stage mass frac-
tion and increased payload capability.
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IA (1) o

Title: High Performance Structures for Large Launch Vehicles
(submitted to Structures Technology Group)

Objective: Develop the technology to provide the very light weight,
highly-efficient integrated structures needed for the
low—cost heavy lift wehicles.

Descriptian: In conjunction with the development of new materials
such as graphite-fiber campcsit.s and propulsion systems,
such as engines which can operate as a rocket oi make use
of the atmosphere, develop the technology for the
techniques to more effectively integrate the holding of
all of the elements: aerodynamic skin, propellant tanks,
thrust elements, cargo bay and propulsion engines together.

Justification: Large heavy lift vehicles can provide low cost trans-
portation, only if the mass fraction is improved. This
is especially critical to the use of single-stage-to-
orbit vehicles where all inert mass is carried to and
fram earth orbit. Because of the large projected traffic
to low~earth orbit, the payoff on the technology invest-
rent can be significant.
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IA(l) p

Title: Camposite Ergines Technology

Objective: Develop technology for camposite (rocket/airbreathing)
engines for advanced horizontal take-off, horizontal
landing (HTOHL) shuttle-type vehicles.

Description: Conduct vehicle/propulsion system analyses of HIOHL
fully reusable two-stage=-to—orbit shuttle vehicles for
the post 1990 time period that utilize camposite
engines, Select engine concept and perform technology
program to bring camposite engine technology to maturity
by 1985,

Justification: The HIOHL two-stage reusablce shuttle vehicle using a
canposite engine has very low recurring cost per
launch and low gross lift-off weight for a given
payload capability.
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IA (2) a

Title: Low-Cost Solid Rocket Booster !Motor

Objective: Lower cost approaches to large solid rocket boosters
so that the next buy of SRB's will cost 50% less.

Description: Three areas: filament wound cases, low-cost nozzle
materials, and low-cost case insulation, have been
identified as having potential for decreasing the
cost of SRB's with equal or greater performance,
and there are other approaches for decreasing the
cost., However, these lack a demonstration and
data to prove that they could be incorporated into
the SRB without program risk.

Justification: The three identified areas have had extensiv-=
technology efforts in the past ard the technology
is ready for use except for demonstration against
shuttle SRB requirements which is straight forward
engineering, Other areas have potential to reduce
costs if technology is demonstrated,
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IA (2) b

Title: Hich Performance Solid Kick Motors

Objective: Demonstrate technology for high performance solid propellant
motors for use in upper stages or kick stages in low cost
Tug system,

Descriggion:

Justificatio.:

Kick motors do not exist with more than 1100 kg. of
propellant; however, a 2000 kg motor or larger will be
needed ord will be developed. New technology needs to
be developed and demonstrated in complete, integrated
flight weight motor hardware to provide cost-effective
kick stages.

Examples of these technologies are: Camosite case
using Kevlar fiber and low density insulation; Nozzle
and cases using carbon fiber-carbon matrix materials
so that much of the inert case insulation can be elimin-
ated and propellant placed in the volume that was
occupied by the insulation, Thrust vector contrcl
moveable nozzle system afver selection between Lockseal,
Techroll-Seal, and Thiovec; Class 2 propellants with
high performance; Stop-restart system using class 2
propellants to provide flexibility for solid rocket
kick motors.

The current solid motors used by NASA for upper stages
or kick motors were developed during the early 1960's,
and the technology in use has not been updated. The
maximum kick motor size is 1100 kg, and larger sizes
will be needed for Tug. It will be cost effective to
develop motors using the latest demonstrated technology.
Future DOD efforts for propellants will all be class 7,
which cannot be carried on the Shuttle; thus, NASA needs
a low-cost high performance class 2 propellant in high
performance hardware.
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IA (2) ¢

Title: High Performance Space Solid Motor

Objective: Demonstrate the technology for a 300 kg high performance
heat sterilizable solid motor.

Description: Conduct a demonstration program after increasing the
performance and stability of the propellant system
by increasing the solids loading fram 8l1% to 85%
to abtain an increase fram 280 to 290 sec. The
design of the motor is to capitalize on grain stress
relief techniques. To camplete the demonstration
the motor needs to be fabricated, subjected to
thermal sterilization cycles and static tested.

Justification: Heat sterilizable high performance motors larger
than 70 kg will be needed, the ability to withstand
the sterilization enviromment does not follow
linear scaling laws; thus, the capability must be
experimentally demonstrated. Preliminary analyses
of a mission such as a Mars Sample Return indicate
that larger motors are needed and that the mass
fraction ard specific impulse have large potential
payoffs.




Title: Metastable States of Matter

Objective: Determine feasibility of storing and utilizing metastable
matter as energy sources for propulsion.

Description: Currently, the metastable states of matter under
consideration are metallic hydrogen, excited helium,
and mixt-wes of atamic and molecular hydrogen,
Generally, these concepts are under analysis or
laboratory investigation. Feasibility or lack of same
of storing and using these materials in low mass
systems will be demonstrated by analysis and lab-
oratory investigation,

Justification: The storage of energy in metastable states might
allow increase in specific impulse by a factor
between 5 and 10 over currently envisioned
"canventional" chemical propulsion., Payload
mass fractions for high-energy missions are very
sensitive to specific impulse. This will greatly
enhance our capability to perform missions to the
outer regions of the solar system if required
system mass does not increase greatly.
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Title: Utilization of Indigenous Materials for Propulsion

Cbjective: Provide a broad technology base fram which to select
schemes and devices for utilizing, for propulsion,
the planetary atmospheres, wastz products fram
space activities, and extra-trxrestrial surface
materials,

Descrigtion :

Justification:

The effort will consist oi design concept’on,
analysis, and preliminary laboratory exploration
of the value of using indigenous materials in
particular propulsion mechanizations. Those
concepts showing pramise when campared to future
NASA missions will be subjected to test to de-
termine overall system performance potential.
Same work has been accamplished. It has been
demonstrated that solid waste, such as fram a
spacelab, can be used in a small hybrid rocket
to provide auxiliary propulsion; it would be
expected that the use of wastes would be the
first application of this technology. Work is
also being conducted to determine how to use
planetary atmospheres, such as the 0O, on
Venus, to provide ane camponent of a bipropellant
system,

Cuirently all propellant mess must be brought
from the earth with 70 to sieveral thousand

times that mass being expended to get the
propellant mass into space., Thus use of
indigenous; materials for propulsion can greatly
reduce transportation system mass and cost for
missions to distant planets and their satellites.
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Title: Detonation Propulsion
Ok jective: Provide prototype demonstration of a detonation propulsion system.

Description: Propulsion in dense high-pressure atmospheres by conventional
means is difficult because the mass of the chemical reactors
is a function of the difference between the internal and
external pressure, while the energy conversion efficiency
is a function of the ratio of internal to external pressure
in the reactor; thus, as atmospheric pressure increases the
required reactor mass increases and efficiency decreases.

By detonation of the propellant in an open reactor the
chemical reaction takes place at 200 kilo-atmospheres and
the reaction is nearly independent of the atmospheric pres-
sure, This approach provides millisecond pulses of thrust
which can be used for altitude control or primary propulsion
in atmospheres such as Jupiter or other outer planets with
pressures of 100 to 1000 bars.

The technology program consists of providing stable
high energy detonable propellants which can be stored,
transferred and ignited in the reactor; technology devel-
omment of nozzle reactor chamber refilling techriques, and
transfer of the pulsed energy into the payload. Optimum
reactor design, prototype system design, and prototype
system demonstration would camplete the technology program.

Justification: 7The state-of-the-art technology provides only very heavy
low-perfoming systems for propulsion in very high
pressure environments. Detonation propulsion appears to
date to be feasible and to yield high performance and
potentially low system mass,
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IIA (1) a

Title: Nuclear Llectcric Propulsion Powerplant

Objective: Demonstrate, in a camplete ground prototype test, a fast-
spectrum, light weight, low cost, multi-hundred kWe
technology for a space nuclear electric power subsystem
for primary electric propulsion.,

Description: A heat-pipe cooled, fast reactor utilizing 7rayton, Sterling,
Rankine or thermionic power conversion, is required for
the generation of electrical power. Tl.: prime contender
presently is out-of-core thermionic power conversion. 7he
subsystem also inclwles a neutron shadow shield, a Mak
coolant manifold and heat pipe radiator structures, and
sane power processing and cabling.

Justification: High-enerqgy planetary exploration at Jupiter, Saturn
and the other outer planets is expected to start by
the early 1990's, for which NEP will provide excep-
tional capability at low cost. For large payload trans-
port fram LIO to geosynchronous orbit or escape velocity,
NLP will allow a 50% reduction of payload transportation
cost. For very high velocity transport to the ocuter
reaches of the Solar System, NEP can reduce transport
costs by factors of 10 to factors of many hundreds when
campared with chemical propulsion.




IIA (1) a-l

Title: Metallic-Fluid lleat Pipes

Objective: Acquire the tecimology for production and space application of
econamical, durable, effective metallic-fluid heat pipes.

Description:

Justification:

Metallic-fluid heat pipes have potential to transport

thermal power densities up to two orders of magnitude greater
than those of their ammonia counterparts, Operating tem-
peratures range fram those of water heat pipes to over

1,800 K. For example, a lithium heat pipe operating at 150077
can transport 15,000 w/ar* with a 0.1°/cm gradient. However,
these reactive heat-pipe fluids cambined with iow-concentra-
tion tenacious contaminants like axygen, which accelerate
corrosion and solution particularly at high temperatures, can
cause serious material prablems. Effective, econamical pro-
cessing must be established to minimize contaminants and
maximize lifetimes., Simple high-performance wick, envelope
configurations must. be developed to reduce costs, ease fab-
rication and processing and decrease contamination. Special
application problems such as those of the heat-pipe-cooled
reactor and of the thermionic-converter, heat pipe module
must be solved,

lluclear electric power and propulsion must provide for
missions requiring over 100 kWe beginning in the 1990°s:
planetary, earth-crbit, and muclear-waste-disposal pro-
pulsion and large-space-station and lunar-base power.
Such systems need light-weight thermal-transport capa-
bili*ies to handle great power dznsities at high tempera-
tures with @mall thermal gradients. Metallic-flul . heat
pipes can meet these requirements,



IIA (1) a-2

Title: High-Performance Thermionic Conversion

Objective: Acquire the technology for econamical, durable, high-efficiency
thermionic conversion of heat fram various energy sources to
electric power for use in a wide range of applications.

Descrigtion:

Justification:

Substantial converter-camponent gains are now possible because
out-of-core thermionics allows material and design freedams
forbidden by in-core nucleonics. New configurations to
enhance interelectrode ionization should reduce plasma losses
by about 0.5 voits. Such arc-drop reductians generally
involve significant decreases in cesium pressure and enable
severalfold increases in interelectrode spacings. Even with
much lower cesium pressures, pramising new emitter

materials with bare metal work functions near 2eV should
yield good emission. And new collector materials should
result in cesiated work functions of approximately lev.
Overall gains of successful integration of these improved
camponents can effect. a charge of thermionic-conversion
efficiencies fram near 10 percent to over 30 percent.

Thermionic conversion is especially valuable for nuclear

electric power and propulsion systems because it

handles high power densities with high heat-reception
and rejection temperatures. These characteristics

and projected conversion-efficiency increases mean
reasonable space radiators for nuclear electric power
and propulsion systems, which generally range above

the 100 kWe level. DBut thermionic converters can

also accept heat at much low power levels from any high-
temperature energy source like radioisotopes or con-
centrated solar energy.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POCR
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IIAn (1) b

Title: High Power Electrostatic Thrust Subsystem

Objective: Demonstrate, in a complete ground prototype test, the
technology for a multi-hundred kWe electrostatic thrust
subsystem and its associated propellant storage and
distribution subsystem for primary nuclear powered
electric propulsion.

Description: Desian and demonstrate 400 kWe mercury bambardment
ion thruster subsystem, with 3-axis contro authority,
ancillary power processing. switching and logic, and
thermal control technclogies for NEP., Subsystem
specific mass is presently estimated at 4 kg/kWe.
The subsystem is to he designed for a Shuttle-launched,
malti-mission NEP spacecraft or reusable tug.

Justification: High-energy planetary exploration at Jupiter, Saturn
and the other outer planets is expected to start by
the early 1990's, for which NEP will provide excep~-
tional capability at low cost. For large payload
transport fram LEO to geosynchronous orbit or
escape velocity, NEP will allow a 50% reduction of
payload transportation cost, For very high velocity
transport. to the outer reaches of the Solar System
IEP can reduce transport costs by factors of 10 to
factors of many hundreds when campared with chemical
propulsion,
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IIA (1) ¢

Title: MPD Thrust Subsystem Technology

Objective: Demonstrate, in a camplete ground prototype test, the
technology for a multi-hundred kWwe MPD are jet subsystem
and its associated propellant storage and distribution
subsystem for primary nuclear powered electric propulsion.

Description: A 400 kWe magnetoplasmadynamic (MPD) thruster utilizing
argon as a propellant, with 3-axis gimballing and
auxillary power processing, switching and logic is
expected to be an important advanced technology for NEP
for Earth orbit transfers at exhaust velocity below 30
kn/s. The subsystem is to be designed for Shuttle-
launched, multi-mission NEP spacecraft or reusable tug.

Justification: Requirements for transport of a multiplicity of
payloads from LEO to many orbit locations and very
large payloads to geosynchrous orbit and earth
escape can be handled most econamically with NEP,
The MPD arc jet provides a major reduction of mass,
cost and camplexity for these missions.




IIA (2)

Title: Solid Core Nuclear Rocket Technology

Objective: As assessment of application to cambined high-thrust/low-
thrust missions,

Description: A direct heating, solid core, muclear rocket technology
would provide high thrust upper stage propulsion at a
hydrogen exhaust velocity approaching 10 km/s. This
should be assessed in cambination with low thrust
propulsion, as a dual-mode system or as a separate NEP
system,

Justification: This technology, because of its high thrust character-
istics, perhaps merits re-evaluation in the light of
other technologies more recently being advocated. The
advantage of relatively high exhaust velocity, however,
appears to be partially offset by the larce hydrogen
tankage requirement, Possible cambined high-~thrust/
low-thrust missions have not yet been studied within
the context of planned STS capabilities,
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ITIA (2) (b)

Title: Fluid Core Nuclear Technology

Objective: To camplete the experimental characterization and the con-
ceptual design of a high temperature plasma core nuclear
rocket system,

Descrigtim H

Justification:

large, very high temperature, fissioning plasma cores in
nuclear reactors have the potential of producing high
thrust-to-mass propulsion at exhaust velocities up to 50
km/s. Such systems require the storage and/or recircula-
tion of fissionable materials outside the reactor, and a
fairly cawplete separation of fluid flow between the
hydrogen propellant and fissioning plasma within the
reactor. Both the “open cycle" and "light bulb" con-
cepts of the plasma core nuclear rocket require
evaluation,

Very large, high energy manned missions, such as manned
planetary expeditions, may be expected sametime beyond
the year 2000, Such missions will require same com-
bination of high thrust and high exhaust velocity
propulsion, It is therefore important to carry the
plasma core nuclear propulsion to validation of con-
ceptual design in order to allow a good camparison
with other systems carred to a higher level of the
state of the art. Any further need for technology
advancement can then be assessex,

40



IIB

Title: Nuclear Fusion Propulsion

Objective: A continuing assessment is needed of high-energy fusion
research as it moves toward experimental demonstration,

Description: Two main concepts have been proposed for the use of
nuclear fusion to generate thrust: micro-explosion
concepts (laser-triggered) anc. controlled thermonuclear
reactors (ZTR). These concepts represent a future
opportunity to obtain much higher energy densities than
by nuclear fission, and thereby represent a follow-an
technology of potential importance.

Justification: Fusion energy systems represent the first possibility
for space exploration well beyona our Solar System.
Such missions are after the year 2000, but represent
an important aspect of future planning. At this time
NASA is a technology dbserver and planner rather than
an active participant.
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IIC

Title: Cambined Radioisotope Thermoelectric/Propulsion Module

Objective: To integrate the separately developed technologies of
radioisotopic thermoelectric generators and propulsion
to cnhance mission performance.

Description: Flow passages and thruster nozzles are incorporated
in the design of a radioisotope thermoelectric generator
so that the propellant is directly heated for specific
impulse improvement.

Justification: The radioisotope thermoelectric generator is
typically applied to deep space missions where any
extention of mission life time is of great value.
Increased performance of the auxilliary propulsion
system extends useful mission life time and/or
capability by conserving propellant.

Same types of sensors are incawpatible with
high energy propellant exhaust products and force
the use of cold gases having low specific impulse.
Auxilliary heating can more than double the specific
impulse in these cases.
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